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CARCINOMA OF THE LUNG* 
By Aprian Lampert, M.D., F.A.C.S. 


ASSOCIATE ATTENDING PHYSICIAN 
NEW YORK, NEW YORK 


(From the Department of Surgery, Columbia University, aud the Chest Surgical Division, 
Bellevue Hospital) 


Since the first pneumonectomy for 
carcinoma of the lung was _ successfully 
performed by Graham in 1933, more and 
more importance has been placed on early 
diagnosis of that condition. As its medi- 
cal treatment has nothing to offer, and as 
irradiation therapy is utilized only as a 
palliative procedure, surgery remains the 


only means by which the disease can be 


eradicated and a cure effected. 

An analysis of the cases of carcinoma 
of the lung that have come to operation 
on the Chest Division of Bellevue Hospital 
between 1939 and February 1946 has, 
therefore, been made to help the physician 
evaluate this disease more correctly. 

This series of 70 consecutive cases of 
carcinoma that have been explored surgi- 
cally for removal composes 20% of all 
eases of carcinoma of the lung that were 
seen on the Chest Division during this 
time. The other 279 cases that did not 
come to operation were considered to have 
passed the stage of operability at the time 
that the diagnosis was made or suspected, 
with the exception of a few that refused 
operation. Of the 279 cases that were 
‘inoperable, 150 were proved by pathologic 
examination, 129 were suspected of having 
carcinoma. Of the 279 patients not com- 


ing to operation, 91 (32.6%) died in the 
hospital. In 23% the diagnosis was not 
proved by pathologic section, as autopsy 
was refused. Therefore, of 349 cases 
of carcinoma of the lung approximately 
80% had failed to have their diagnosis 
made by physicians at a time when the 
disease was sufficiently localized to remove. 
Of the 20% that were explored, 25 cases 
were resectable, an operability of only 
7.2% of the 349 patients on whom the 
diagnosis was made. The importance of 
early diagnosis is therefore obvious. 

The 70 cases that came to operation 
included all cases in which it was felt 
that a reasonable chance of success for 
resection of the carcinoma existed. In 
cases in whicli the resectability was ques- 
tionable, the benefit of the doubt was 
given the patient and he was explored. 
Cases in which cerebral, liver or extensive 
bone or lymph gland metastasis had 
already occurred were not explored. Pa- 
tients that were moribund or semi-coma- 
tose were also not considered candidates 
for exploration. The presence of pulmon- 
ary suppuration, lung abscess and em- 
pyema, however, did not predicate against 
removal of a malignant process, although 


* Expenses for this study were partly defrayed by a grant from the Mary Robinson Lambert Founda- 
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the prognosis of such cases was less 
favorable. 

In the last 10 years, because of the 
tremendous strides that have been made 
in anesthesia, the hazards of pulmonary 
resection have been markedly decreased. 
Routine employment of a closed intra- 
tracheal system enables the surgeon to 
operate deliberately and without the fear 
that the patient may not survive because 
of the difficulty in breathing in the pres- 
ence of an open chest. In addition to 
this, the training of anesthetists in the 
importance of frequent suction during 
operation and close codperation between 
the anesthetist and the surgeon in evalu- 
ating the patient’s condition have per- 
mitted the surgeon to complete his opera- 
tion and keep his patient in the best 
possible condition. 

As a result of the operative experience 
on the Chest Division, the attitude is 
tending more and more toward early ex- 
ploration of cases with only suggestive 
Roentgen ray findings and with possibly 
no other evidence of disease. It is only 
by careful appreciation and correct evalua- 
tion of the importance of negative evi- 
dence, such as negative history and nega- 
tive bronchoscopic examination, that early 
carcinoma will be diagnosed at a time 
when the patient can be cured of his 
disease. 

Bronchoscopy was performed on these 
patients on the Chest Service by the resi- 
dent staff under the direction of Drs. 
Kernan, Cracovaner and Wolcott. This 
is part of the Chest Surgical Division and 
its importance in treatment and diagnosis 
cannot be overestimated. This series 
represents all those cases operated on by 
8 surgeons on the Division. 


Clinical Data. Operation. The series 
represents a total of 70 cases that were 
explored for resection of carcinoma of the 
lung, 25 of which were resectable and 45 
of which were non-resectable. Of the re- 
sected cases, pneumonectomy was per- 
formed in 20 of 25 cases (80%); lobectomy 
was utilized in the remaining 20%; 16 of 


the 25 cases of resection were on the right 
side and 9 on the left side; 27 of the non- 
resectable cases were on the right side and 
18 on the left. 

Sex. As in other reported series, the 
predominance in males is striking. Of the 
70 patients explored, 68 (97.1%) were 
men. Of these, 61 were white, 4 were 
colored, 2 were Chinese and 1 was Turkish. 

Acer. The average age of patients ex- 
plored was 52.8 years, the resectable cases 
being approximately the same age as the 
non-resectable. Age in itself was not 
considered a contraindication to explora- 
tion. The oldest patient explored was 
70 years of age and had a non-resectable 
carcinoma. One patient, aged 66, how- 
ever, proved resectable. The youngest 
patient who underwent resection for his 
carcinoma was 37. These data bear out 
the fact that this disease affects a certain 
percentage of patients under 40 years of 
age. Likewise, as 64% of resectable cases 
occurred between 50 and 70 years of age, 
the popular conception that pulmonary 
resection is contraindicated in the older 
age groups is not substantiated. 

Stay In Hosprrat. The average stay 
of all patients in the hospital from time of 
admission to discharge was 87 days. The 
average period from admission to explora- 
tion was 40 days, being 41 days in the 
resectable cases and 37 days in the non- 
resectable. During this time, the patients, 
if possible, had their diagnosis established 
with biopsy at bronchoscopy. Frequently, 
exploration was made where biopsy was 
negative and bronchoscopy was suggestive. 
A rigid or narrowed bronchus or an angu- 
lated bronchus was considered suggestive 
evidence in those cases in which biopsy 
was not obtainable. An attempt was made 
in all cases to diminish the sputum as 
much as possible before exploration, in 
view of the stormy postoperative course 
that so frequently characterizes a case 
with a large amount of sputum. Courses 
of sulfadiazine and penicillin, and occa- 
sionally oxygen therapy administered by 
high concentration oxygen mask, were 
adjuvants in reducing the amount of 
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sputum and in affecting its anaérobic 
flora, thus converting its character from 
foul to non-foul variety. 

Because of the importance of early 
diagnosis for early exploration, it is of 
interest to consider the cause for delay in 
9 patients of the 70 that were explored. 
These patients were kept in the hospital 
on an average of 96 days before explora- 
tion. Five of the 9 cases were resected 
and 4 were non-resectable. Of the 9 cases, 
6 had negative bronchoscopic findings on 
the first examination. In 3 of the 6 cases 
diagnosis was delayed until bronchoscopy 
was performed a second time, yielding a 
positive biopsy. In these 3, because of 
failure to make an early diagnosis, the 
tumors were allowed to progress until 
they were visible by the bronchoscope. 

The extent that the tumors progressed 
outside the bronchus during the 6 week 
interval between bronchoscopies cannot 
be determined. It is known, however, 
that at operation 1 of these cases had 
advanced into the mediastinum sufficiently 
far to prevent its being resected. The 
other 2 were successfully resected, but 
that extension might have occurred in 
the interval is suggested by the fact that 
| developed recurrent nodes in the neck 
3 years after operation and the other died 
of the continued extension of his disease 
S months after resection. In neither of 
the latter 2 cases had any extension of the 
disease been appreciated at operation. Of 
the 3 cases with positive or suggestive 
bronchoscopic findings, 1 was psychotic on 
arrival which delayed his study; 1 had 
Type III pneumococcus pneumonia on 
admission which masked the diagnosis; 
and the third had poor pulmonary func- 
tion, low pulmonary reserve and an old 
posterior infarct of the heart, all of which 
required evaluation before subjecting him 
to pneumonectomy. The latter case 
proved resectable. In 6 of the 9 cases no 
wheeze was detected, which, when present, 
so frequently suggests the diagnosis. This 
emphasizes the importance of not depend- 
ing on the presence of a wheeze for diag- 
nosis or waiting until it develops before 


advising exploration. Of the 4 non-re- 
sectable cases, there was delay in 1 by 
reason of preoperative irradiation therapy. 
Another of the 4 was in the hospital 5} 
months before exploration; the first bron- 
choscopy yielded a negative biopsy and 
3 thoracotomies for empyema preceded 
the exploration. 

Earlier diagnosis would have brought all 
9 patients to an earlier exploratory opera- 
tion, and in case of the 4 non-resectable 
tumors there is a possibility that obviating 
the delay would have allowed the surgeon 
to remove the tumor. 

During the 7 year period of this study 
(1939 to February 1946), the cases have 
been fairly evenly divided over the years. 
The record of resectability is a little better 
in the recent years: there were 14 resect- 
able and 32 non-resectable cases in 1939 
to 1943 inclusive, and 11 resectable and 
13 non-resectable cases since then. 

Symptoms. The 70 cases undergoing 
exploration were analyzed according to 
the symptoms which they had on admis- 
sion to the hospital (Table 1). Compari- 
son of the symptomatology in those cases 
which were resectable and those which 
were non-resectable shows how little help 
the symptoms give in evaluating the re- 
sectability of carcinoma of the lung. Hem- 
optysis and wheeze were less frequent in 
resectable tumors than those which were 
non-resectable. Almost half of the cases, 
however, without wheeze proved inoper- 
able at operation so that too much empha- 
sis cannot be put upon this symptom. 

The duration of symptoms before ad- 
mission to the hospital again has been 
estimated according to the resectable and 
non-resectable cases, those undergoing re- 
section averaging 9 months, 10 days, and 
those undergoing exploration only aver- 
aging 7 months, 7 days. That this indi- 
cates that the type of tumor is slower 
growing in the resectable type is open to 
question. 

In evaluating the sputum of the cases 
at admission, the difference again was not 
appreciable between the cases that were 
resectable and those that were non-resect- 
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able. Ten (50%) of the resectable cases 
had over 6 ounces of sputum daily and 
14 (66%) of the non-resectable cases had 
as much as 4 ounces of daily sputum. 
As a criterion of resectability, therefore, 
the presence or absence of sputum is of 
little value. 


tumor is centrally located and intrabron- 
chially visible. But a negative broncho- 
scopic examination calls for exploration if 
the tumor by Roentgen ray is peripherally 
located or in the upper lobes. 

The symptoms of all cases has been 
classified according to whether broncho- 


TABLE 1.—INCIDENCE oF SYMPTOMS IN RESECTABLE AND NON-RESECTABLE LUNG CANCERS 
CoMING TO OPERATION 


Loss of Av. weight 
No. cases Cough Blood Pain Wheeze weight lose, lbs. 
Resectable 23 12 15 6 18 26.7 
(92%) (48%) (60%) 24%) (72%) 
Non-resectable . . . 45 41 36 34 23 33 22.6 
(91.1%) (80%) (75.6%) (51.1%) (73.3%) 
Total—all cases explored 70 64 48 49 29 51 24.2 
(91.4%) (68.6%) (70%) (41.4%) (72.9%) 
TaBLE 2.—Symptoms In RELATION TO BroncHoscopic Biopsy FINDINGS 
Type and incidence of symptoms 
No. and 
Biopsy % of Av. duration Loss of 
findings cases of symptoms Cough Blood Pain Wheeze weight Sputum 
Positive 36 8 mos. 34 25 25 15 30 26 
(57.1%) 28days (94.4%) (69.4%) (69.4%) (41.6%) 
Suggestive 11 7 mos. 10 10 9 6 6 rf 
(17.5%) 22days (90.9%) (90.9%) (81.7%) (54.5%) 
Negative. . 16 5 mos. 14 9 11 6 10 10 
(25.4%) 25days (87.5%) (563%) (68 8%) (37.5%) 


Broncnoscopy. As a positive diagno- 
sis of carcinoma is made by biopsy at 
bronchoscopy, the importance of bron- 
choscopic examination is paramount as a 
single diagnostic procedure. Of the 63 
cases in this series bronchoscoped at 
Bellevue, 36 (57.1%) had a positive biopsy. 
Suggestive bronchoscopic findings were 
present in 11 (17.5%); in 16 (25.4%) 
bronchoscopy was completely negative. 

Of the 16 cases with completely nega- 
tive bronchoscopy, 7 (44%) were resect- 
able. Of the 36 cases with positive biopsy, 
13 (36%) were resectable. Of the 11 cases 
with suggestive bronchoscopy but without 
positive biopsy only 2 (18%) were resect- 
able. This emphasizes the importance of 
evaluating negative bronchoscopic exam- 
ination in the presence of positive Roent- 
gen ray findings. Obviously the resect- 
ability of carcinoma of the lung depends 
on early exploration of cases with sug- 
gestive Roentgen ray changes, even though 
bronchoscopic findings are negative. 

Bronchoscopy is very helpful if the 


scopic biopsy findings were positive, sug- 
gestive or completely negative. A study 
of Table 2 shows that patients with posi- 
tive biopsy findings had had symptoms on 
an average of 3 months earlier than in 
those with negative findings. 

Of the 63 cases bronchoscoped at 
Bellevue Hospital, the average time from 
admission to exploration was 39.6 days. 
These cases have again been divided into 
those that underwent a single bronchos- 
copy and those cases that required 2 and 
3 bronchoscopies before coming to opera- 
tion. An analysis of these cases shows 
that those in which it was found necessary 
to bronchoscope twice underwent a much 
longer period from the time of admission 
to the time of operation than those which 
had only required 1 bronchoscopy. In 
the cases in which bronchoscopy was 
negative on the first examination the 
duration before operation was obviously 
the longest. Negative bronchoscopic find- 
ings deserve little consideration if the 
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diagnosis is suspected for other reasons, 
especially Roentgen ray findings. 

In Table 3, the patients coming to 
operation have been classified according 
to bronchoscopic findings, operative pro- 
cedure and side of lesions. A higher inci- 
dence of right-sided lesions was present, 
approximately the same percentage of 
those resectable being on the left side 
as on the right. Lobectomies were per- 
formed only in those cases having com- 
pletely negative bronchoscopic findings. 
In 1 case in which upper lobectomy was 
performed the blood supply to the lower 
lobe was embarrassed, which resulted in 
poor function postoperatively and was 
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plemented with ether in 5; and gas, oxygen 
and ether in 4. 

The average operating time on all cases 
was 2 hours, 8 minutes; anesthesia time 
was 2 hours, 39 minutes. The average 
operating time in resectable cases was 
3 hours, 25 minutes, and in the explora- 
tory thoracotomies without resection 1 
hour, 26 minutes. The anesthesia time was 
correspondingly longer in both groups. 

In the operative repair of the stump in 
the resected cases silk was used in most 
cases, with individual ligation and silk 
technique in 80% of cases. 

PosTOPERATIVE Comp.icaTions. Of the 
70 patients explored, 5 died within 2 days 


TaBLe 3.—CLASSIFICATION OF PATIENTS ACCORDING TO BRONCHOSCOPIC FINDINGS AND 
OPERATIVE PROCEDURES 


Exploratory Av. preop- 
thoracotomy Pneumonectomy Lobectomy _ erative time 
~ in hospital 
Total Right Left Right Left RUL LUL (days) 
Bronchoscoped once: 
Positive biopsy . - 14 6 6 1 3 7 34.8 
Suggestive bronchoscopy negative biopsy 5 3 1 35.6 
Negative bronchoscopy a « 3 3 1 ‘ 2 2 36.0 
Bronchoscoped twice: 
ist negative, 2nd positive biopsy 4 1 ‘ 2 1 104.0 
Ist negative, 2nd negative . 5 2 1 1 1 50.2 
lst suggestive, 2nd positive biopsy 4 ha 2 1 1 34.0 
Broncboscoped 3 times: 
Ist negative, 2nd suggestive, 3rd suggestive 1 ims 1 oa 58.0 
lst suggestive, 2nd suggestive, 3rd positive. 1 - 1 * 38.0 
. 68 25 16 12 5 3 2 39.6 


attended by failure of complete reéxpan- 
sion. Whether lobectomy is justifiable 
for carcinoma or not is debatable. It is 
the consensus that if a patient has a carci- 
noma and can stand the loss of pulmonary 
parenchyma, pneumonectomy is_prefer- 
able to lobectomy. If, however, the dis- 
ease is well localized to 1 lobe of the lung 
with completely negative hilar glands, 
lobectomy may be the operation of choice. 

OpeRATIVE Data. The total number 
of cases explored was 70, of which 25 were 
resectable and 45 non-resectable. Pneu- 
monectomy was employed in 20 cases 
(80%) and lobectomy in 5 (20%). 

The operative approach was anterior in 
47 (67.1%), posterolateral in 17 (24.3%) 
and lateral in 6 (8.6%). In the resectable 
cases the anterior approach was used in 
17 (68%), the posterior in 8 (32%). 

The anesthetic agent used in 64 cases 
was cyclopropane in 55; cyclopropane sup- 


following operation. In 60 of the remain- 
ing 65, the wound nome by primary 
union, an incidence of 92.3%; 3 (4. 6%) had 
serious wound infections; 1 had a mild 
wound infection and 1 a previously un- 
diagnosed abscess which was drained fol- 
lowing exploratory thoracotomy for resec- 
tion. Of the resected cases, 95.5% healed 
by primary union. There were | serious 
infection and 3 deaths within 2 days fol- 
lowing operation. Pleural infection devel- 
oped in 9 of the resected cases, or 41% 
of all cases surviving the first 2 days. 
Bronchopleural fistule developed in 4 of 
the resected cases (18%); in 77% fistula 
did not develop; in 5% it was questionable. 
The total percentage of pleural infections 
in resected and non-resected cases was 
21.5. 

Collapse of the chest wall by thoraco- 
plasy was performed in 4 of the resected 
cases. One patient was successfully oper- 
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ated upon 7 months after pneumonectomy 
for relief of symptoms due to mediastinal 
shift. In the other 3 cases operation was 
performed for infection to obliterate the 
residual space 33 months, 6 months, and 
2 years, respectively, after resection. 
Eight of the 25 resection cases underwent 
thoracotomy, either at the time of opera- 
tion or during the postoperative course. 
In 1 patient dyspnea developed after an 
interval during which there developed a 
thickening of the parietal pleura sufficient 
to prevent collapse by thoracoplasty. In 
this case oil was used to stabilize the 
mediastinum. The choice of cases for 
collapse was based on symptoms and on 
the patient’s ability to withstand addi- 


on section completely different types of 
tumor, although gland formation was 
predominant. This case was inoperable 
and is included in the non-resectable 
group. 

In the total group of 70 cases, 10 had 
insufficient evidence for complete patho- 
logic classification. These were all in the 
inoperable group and represent cases in 
which specimens for biopsy were not taken 
at operation or where adequate tissue 
reports were not available. Because of 
these 10 cases that could not be classified, 
the percentage of individual tumor groups 
that were resectable is incomplete. How- 
ever, it is of interest that 75% of known 
adenocarcinomas were resectable, whereas 


TABLE 4.—ANALYSIS OF OPERABILITY IN RELATION TO TYPE OF TUMOR 


Total No. 
and % o 
Type cases 
Adenocarcinoma 8 (11.4%) 


Squamous cell . 
Undifferentiated cell 


Adenocarcinoma and squamous 1 (1.4%) 
Insufficient evidence to classify 10 (14.3%) 
Total 70 


28 (40.0%) 
23 (32.9%) 


No. and % Type 

Resectable Non-resectable (%) 
6 (24%) 2 (4.4%) 75.0 
11 (44%) 17 (37.8% 39.3 
& (32%) 15 (33 3%) 34.5 

1 (2.2%) 0 

10 (22.2%) 
25 45 


TABLE 5.—CORRELATION OF WiTH Type or TUMOR 


Average duration 


Type before admission Cough 

(%) 

Adenocarcinoma S mos. 23 days 66.6 
Squamous cell 9 mos. 3 days 92.9 
Undifferentiated cell 6 mos. 2 days 91.3 


tional surgery. In general, it is felt that 
if thoracoplasty is to be performed it 
should be done at an early date before 
pleural thicking has developed. 
PaTHo.ocic Finpincs. In Table 4 are 
listed the types of tumor found and their 
several records of operability. The squa- 
mous variety composes the most frequent 
carcinoma encountered, comprising 44% 
of resected and 37.8% of non-resectable 
tumors. The undifferentiated tumors 
compose 32% of the resectable and 33.3% 
of the non-resectable groups; whereas 
adenocarcinoma was encountered in 24% 
of resected tumors and only 4.4% of the 
non-resected tumors. In 1 case elements 
of both adenocarcinoma and squamous 
cell carcinoma were present, suggesting 


Loss of 
Bleeding Pain Wheeze weight Sputum 
(%) (%) (%) (%) (%) 
33.0 66.6 55.6 77.8 55.6 
89.3 89.3 32.1 82.1 82.1 
73.9 65.2 73.9 65.2 


only 39.3% of squamous and 34.8% of 
undifferentiated tumors were removable. 

In Table 5 the symptoms have been 
arranged according to the nature of the 
tumor. The case containing both glandu- 
lar and squamous cells has been listed 
with the adenocarcinomas to which it pre- 
dominantly belongs. Cough and bleeding 
are much commoner in the squamous and 
undifferentiated cell groups than in the 
adenocarcinomas, whereas wheeze was 
noted less frequently and pain more often 
in the squamous tumors. The average 
duration of symptoms before admission to 
the hospital was 2 months less in the 
undifferentiated group than in the other 
2 types of tumor. 

That the duration of symptoms is of 
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no use in determining resectability in the 
undifferentiated group is shown by the 
fact that 28.6% of undifferentiated carci- 
nomas with symptoms for less than 
4 months were resectable, whereas 44.4% 
with symptoms over 4 months were able 
to be resected. The significance of early 
diagnosis to permit early operation lies in 
the fact that the tumor when first seen 
may be so far advanced that any delay 
will be just enough to prevent resection. 


carcinomas with positive biopsy had 
bleeding. The significance of this finding 
is modified somewhat by the small num- 
ber of adenocarcinomas that had a positive 
biopsy. 

A summary of the follow-up of the 3 
pathologic groups is included to show the 
survival time in relation to the type of 
tumor. As would be expected, the squa- 
mous tumors are slower growing and in 
this group longevity was the greatest. In 


TaBLe 6.—-CoRRELATION OF RESECTABILITY WiTH oF LESION AND RESULT OF 
BroncuHoscopic Biopsy 


Positive biopsy 


Type 
Adenocarcinoma 
Squamous cell 
Undifferentiated cell 
Adenocarcinoma and squamous cell . 


Resectable Total 


Negative biopsy Positive biopsy (%) 


Total 
25 0 


Resectable Total 
2 5 6 
20 2 7 sO.0 74.1 
18 2 714 71.4 
100 0 


Resectable 
16.6 


TABLE 7.—SurvivaL Time Operation oF 40 Known DeEap 


Postoperative interval 
before death 


Ist month 
lto6months . 

6 mos. to 1 yr. 

1 to 2 yrs. 

3to4 “ 

4to5 “ 

Over 5 yrs. 

Date of death unknown 


Totals 


The age incidence of the several types 
of tumor was within 4 years of each other, 
with the squamous tumors averaging 
53.6 years, the undifferentiated group 
49.6 years, and the adenocarcinomas 
51.7 years. 

In evaluating the diagnostic value of 
bronchoscopy in relation to the type of 
tumor present, the resectability of adeno- 
carcinoma was to a high degree associ- 
ated with negative biopsy, whereas the 
resectable squamous cell and undifferenti- 
ated cell tumors were more frequently 
able to be biopsied (Table 6). 

Correlating the cases that had positive 
biopsy with those that bled, it is found 
that both undifferentiated and squamous 
cell groups had approximately 57% with 
both findings, whereas 11% of the adeno- 


Non-resected 


16 


the undifferentiated cell type group there 
were 8 patients who had resection; of these, 
4 lived over 12 months, 2 over 24 months 
and 1 over 56 months. Of 15 patients in 
this group who did not have resections, 
only 8 could be followed, and of these 
3 lived over 6 months, 1 over 12 months 
and none over 24 months. In the squa- 
mous cell type group there were 11 patients 
who had resections and 10 could be fol- 
lowed. Of these, 5 lived over 6 months, 
4 over 12 months, 2 over 36 months, and 
1 over 60 months. Of 17 patients in this 
group who did not have resections, 11 
could be followed, and of these, 7 lived 
over 6 months, 2 over 12 months, 1 over 
48 months, and none over 60 months. 
In the adenocarcinoma group, of 6 patients 
who had resections, 3 were followed, and 
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of these, 1 lived over 6 months and none 
over 12 months. Of 2 patients in this 
group who did not have resections, the 
one who could be followed lived over 
48 months. 

Mortauity. Of the 70 patients oper- 
ated upon, 17 died in the hospital, a 
mortality of 24.3%. This is somewhat 
lower than the 32.6% mortality of the 279 
non-operated cases that died on the service 
during the same time. Of the resected 
cases, 10 died in the hospital, a hospital 
mortality of 40%; 7 of the 10 cases died 
during the Ist month (28%) which repre- 
sents the operative mortality. Of these 
resected cases dying in the hospital, 1 died 
in the first 24 hours, 4 in the Ist week, 7 
in the Ist month, and 3 in 2 to 6 months 
after operation. Of the pulmonary resec- 
tion cases, 16 of the 25 (64%) are known 
to be dead. Of 9 cases not known to be 
dead, 4 had no follow-up after leaving the 
hospital; 5 had follow-up and averaged 
20 months postoperative when last seen. 

Of the non-resectable cases, 7 died in 
the hospital, a mortality of 15.6%. Two 
died in the hospital in the first 24 hours, 
2 more in the next 30 days, and 3 after 
1 month postoperatively. Of the non- 
resectable cases, 24 are known to be dead 
(53.3%). Of the 21 cases not known to 
be dead, 16 had no follow-up after leaving 
the hospital, 5 were seen in follow-up and 
averaged a period of 16 months. Of these, 
| was seen at 52 months, having had large 
doses of Roentgen ray therapy. 

An analysis of the causes of death of 
those patients dying in the hospital is of 
interest. Three of the 10 resected cases 
developed fistule which were not recog- 
nized sufficiently early to prevent the 
patients emptying the contents of the 
pleural space into the bronchial tree. In 
this regard an attempt is made techni- 
cally at operation to pleuralize the bron- 
chial stump. A single layer of interrupted 
silk sutures to close the end of the bron- 
chus may or may not be reinforced with 
loosely applied mattress sutures proximal 
to this layer to approximate membranous 
portion of bronchus posteriorly to car- 


tilaginous portion anteriorly. Before the 
chest is closed, saline solution is introduced 
into the pleural space and positive pres- 
sure applied to the bronchial tree by the 
anesthetist in order to demonstrate any 
possible leak that may still remain. If 
this is present, further sutures are applied 
to close the bronchus at this point. 

Three fistulae that developed in resec- 
tions occurred on the 7th, 13th and 23rd 
days postoperatively. In 2 of these the 
fistula was the direct cause of death. In 
the third, the patient also had an empyema 
and an acute fibrinopurulent pericarditis 
which contributed to the patient’s death. 
In all 3 the pleural space should have 
been drained earlier. In pneumonectom- 
ized patients, a sudden rise in temperature 
even after 3 weeks must be regarded with 
suspicion. Coughing and raising blood- 
tinged brownish red sputum postopera- 
tively, especially after a free interval, is 
an immediate indication for emergency 
drainage of pleural cavity by thoracot- 
omy. Makeshift needle aspiration and 
closed intercostal drainage should be em- 
ployed only as a short preliminary to open 
operation. The failure to recognize the 
urgency of open drainage will result fatally 
for the patient. 

One death 6n the table from hemorrhage 
occurred in a patient whose carcinoma 
was associated with considerable pneu- 
monitis that resulted in a solid lung with 
failure of the lung to collapse more than 
20% on opening the chest. The mediasti- 
num was thickened and edematous, the 
blood-vessels friable and in tying the 
pulmonary vein with silk suture slipped 
off. Because of poor exposure it was diffi- 
cult to control the hemorrhage and in at- 
tempting to do so a portion of the auricle 
was torn and the patient succumbed. 

The technical difficulties of resection in 
the presence of similar lesions is obvious. 
One technical maneuver has since been 
used in similar cases where the vein is 
short as a means of preventing the silk 
tie from slipping. This includes the use of 
transfixion sutures through pericardium 
and vein proximal to clamps placed on the 
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vein which will then allow a running con- 
tinuous stitch to close vein and_peri- 
cardium together. 

The fifth death that could possibly have 
been prevented was in a patient who had 
a large amount of secretions postopera- 
tively. He had raised about 3 cup of thick 
yellow sputum before operation and died 
on the 2nd _ postoperative day before 
bronchoscopy was done. Cases such as 
this have led us to believe that all “ moist” 
cases should have bronchoscopy on the 
table postoperatively, irrespective of how 
recently the patient has been aspirated 
through an endotracheal tube by the an- 
esthetist. Frequently bronchoscopy done 
10 or 15 seconds after relatively dry endo- 
tracheal aspiration will reveal the main 
bronchus on the opposite side filled with 
secretions and occasionally the stump on 
the operated side also containing moisture. 

After the patient has returned to his 


bed, secretions are reduced by cough with 


pressure and by endotracheal suction with 
rubber catheter introduced at intervals 
through larynx into trachea. When this 
is unsuccessful and the patient becomes 
embarrassed from endotracheal secretions, 
he should be bronchoscoped in bed, after 
the application of a small amount of 
cocaine to the posterior pharynx and the 
pyriform sinuses on each side to facilitate 
passage of the bronchoscope. In_ this 
respect the adeptness of the resident staff 
with the passage of a bronchoscope is an 
important part in the postoperative treat- 
ment. 

A prophylactic course of chemotherapy 
is routinely employed to reduce preopera- 
tive sputum, and similar therapy is insti- 
tuted postoperatively. Lately, sulfona- 
mides have been replaced by penicillin, 
although these are occasionally combined 
for maximum effect. 

Of the other 5 hospital deaths in resec- 
tions, 3 were due to extension of the 
disease, either direct or metastatic. One 
patient died of jaundice from sepsis. 
Operation had been delayed 3} months 
while the patient’s carcinoma had broken 
down and was eventually drained before 


resection was attempted. In similar cases 
it is felt if diagnosis can be established 
excision is preferable to preliminary drain- 
age. The 5th case was one of renal shut- 
down following transfusion reaction which 
occurred on the 2nd postoperative day. 

Of the 7 deaths in non-resectable cases, 
4 died of infection including empyema, 
contralateral bronchopneumonia and acute 
purulent bronchitis; 2 died of metastases, 
and 1 died of intrabronchial hemorrhage. 

The survival times following operation 
of those patients known to have died are 
given in Table 7, both for resected and 
non-resected cases. Of both groups only 
1 resected case survived 5 years after 
operation, which represents 1.4% of the 
entire series, or 2.6% of the total cases 
that were operated upon more than 5 years 
ago. 

Resuuts oF IRRADIATION THERAPY. Of 
the 70 patients who were explored for 
carcinoma, 21 had irradiation therapy. 
Of these, 13 (61.9%) are knowa to be 
dead. Three of the 21 cases given Roent- 
gen ray treatment were resections, its use 
in these cases being to control pain rather 
than to control the extension of the dis- 
ease. The average survival time of the 
3 resection cases was 9} months. 

Of the 18 non-resectable cases given 
Roentgen ray treatment, 10 were followed 
to death and averaged 15 months follow- 
ing operation. Two patients given Roent- 
gen ray, who have been seen postopera- 
tively but are not known to be dead, were 
seen 113 and 52 months after operation. 

The value of irradiation has never been 
fully determined, nor is it possible in this 
series to evaluate its effect. The main 
point to decide is whether or not irradia- 
tion has prolonged life expectancy in those 
cases that were inoperable. As the cases 
differ widely in the type and extent of the 
growth, the effect of irradiation is difficult 
to assess. However, in the group that 
was explored but not resected, an accu- 
rate means of determining the extent of 
the disease present in these cases was 
afforded by operation, so that it is felt of 
value to analyze the records of the irradi- 
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ated and the non-irradiated cases that 
were followed to the time of their death. 
Of all non-resected cases that were fol- 
lowed after leaving the hospital to the 
time of death, 9 had irradiation and 7 did 
not. Follow-up on these 2 sets revealed 
the irradiated group survived an average 
of 14 months and 27 days and the non- 
irradiated group 7 months and 21 days. 
These figures would lead to the conclusion 
that Roentgen ray therapy had increased 
life expectancy. However, the conclusion 
is not justified because of the difference 
in the type and extent of the lessons in 
the 2 groups. Three of the cases given 
Roentgen ray therapy had no metastatic 
involvement at all, 1 being considered 
inoperable because “the pulmonary veins 
were involved.” In the second case there 
was “a mass posterior to the heart,” and 
the third case had a mass in the hilum 
that was adherent to the superior vena 
cava. These 3 cases survived 36 months, 
19 months and 48} months, respectively. 

Dividing the irradiated cases into (1) 
those with metastases, (2) those without 
metastases but with direct extension into 
mediastinum, diaphragm or chest wall, 
and (3) those without metastases or direct 
extension, it is found that Groups 1 and 2 
each ‘had survival time of between 7 and 
8 months, whereas Group 3 averaged 
34.5 months. The 1 case not included in 
the above 3 groups that had irradiation 
and postoperative emp:ema, died in the 
hospital after 3 weeks. At exploration 
there were present hilar nodes, mediastinal 
nodes and a mass posteriorly adherent to 
the pericardium. Of the non-irradiated 
cases without suppuration but with metas- 
tases, the survival time was 9 months. 
Three cases of the non-irradiated group 
had suppuration, including empyema in 
2 cases, and pulmonary suppuration in 
1 case. In this group the survival time 
averaged little over 5 months. All the 
non-irradiated cases that were followed to 
their death had metastatic involvement 
at exploration. It is evident that the 
presence of infection, either in the form 
of empyema or pulmonary suppuration, 


will hasten the demise of the patient. Of 
the whole series of irradiated cases there 
is only 1 patient with metastatic involve- 
meat who survived 12 months and who 
seemed to improve following irradiation. 
Two patients, who are not known to be 
dead, were seen at 11} months and 52 
months postoperatively after irradiation. 
It was felt that the man who survived 
52 months had in all probability been 
helped by irradiation because of the dura- 
tion of survival following exploration. 
Both of the cases were squamous cell 
tumors with metastatic involvement at 
operation. 

In summarizing the results of Roentgen 
therapy it is felt that it was useless in the 
large percentage of cases to which it was 
given. Perhaps some good effect was ob- 
tained in 2 or 3 cases. Irradiation therapy 
in a non-resected case of carcinoma of the 
lung that has been explored should be 
used judiciously. If irradiation is given in 
large amounts in a short, period of time 
the ill effects of the irradiation will coun- 
teract any beneficial effect that the patient 
may receive from having his tumor ex- 
posed to Roentgen ray. It is much more 
important to preserve the patient’s appe- 
tite and his general well-being than to 
expose him to an overwhelming dose of 
Roentgen ray that will result in anorexia 
and rapid loss of weight and a conse- 
quently earlier death. Whether irradia- 
tion should be employed after resection is 
a question that cannot be answered on 
the evidence of this series of cases, since 
the only patients who received Roentgen 
ray therapy were those who had devel- 
oped pain following a recurrence of their 
disease process. These patients did not 
seem to be benefited by their Roentgen- 
ray treatment. 

CRITERIA OF RESECTABILITY. In ana- 
lyzing the pathology of non-resectable 
tumors in this series it is apparent that 
cases which in the early years of the 
study were not subjected to resection 
would have been considered operable in 
later years. In this series 2 cases were 
considered inoperable “because of hilar 
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node involvement” and 3 cases because 
of carinal or tracheobronchial node metas- 
tasis. As more experience was gained at 
the operating table with bronchogenic 
carcinoma an increasingly larger group 
were resected that had some involvement 
of the mediastinum in direct extension or 
lymph gland metastasis to carinal or 
tracheobronchial nodes. 

Ideally, patients should come to ex- 
ploration before any such extension has 
taken place. For those cases in which 
extension is present at operation a radical 
type of pneumonectomy is now performed 
to include, in addition to pneumonectomy, 
removal of mediastinal nodes up to and 
including the subaortic node on the left. 
On the right, by dividing the azygos vein 
and retracting the superior vena cava 
anteriorly, it is possible to clean out the 
mediastinal nodes up to the base of the 
neck. Radical pneumonectomy of this 
type is more formidable than simple pneu- 
monectomy and is utilized for the cases 
in which delayed diagnosis has postponed 
exploration and allowed mediastinal ex- 
tension to occur. In this respect, early 
operation will be more favorable for cure 
and, as the amount of surgery is less, the 
operative risk also will be correspondingly 
diminished. 

It is often impossible to recognize by 
Roentgen ray studies that involvement 
beyond the lung has occurred. This is 
shown by the operative findings in our 
45 cases that had no Roentgen ray evi- 
dence of extension but that proved inop- 
erable on exploration. There were 10 
(22%) with metastasis to pleura or chest 
wall, 30 (66%) with direct extension of 
the tumor into hilum, chest wall, dia- 
phragm or mediastinum, 10 (22%) with 
metastasis to hilar nodes, and 21 (47%) 
with metastasis to mediastinal nodes. 

Summary. This series of 70 cases of car- 
cinoma of the lung surgically treated 
stresses the diagnostic criteria and the im- 
portance of early exploration. These 70 
cases represent only 20% of the cases of 
lung cancer encountered on this service, 
and only 7.2 % of the total cases were resect- 


able. This low incidence of operability 
is associated with a discouragingly low 
record of 5 year survival: only 1 case. 

The average duration of symptoms in 
patients coming to resection was over 
9 months, due to failure of the physician 
to make a diagnosis and of the patient to 
appreciate the importance of early symp- 
toms. A large percentage of patients who 
had resections died because of tumor be- 
yond the resected area and too small to 
be recognized at operation. Therefore, 
delay in exploration allows fatal extension 
of the disease and is partly responsible for 
the low survival rate after resection. 

The relatively high incidence of fistule 
‘and of pleural infection in resected cases 
in this series indicates where improvement 
in operating technique and postoperative 
management is required. 

Equally challenging to the surgeons is 
the correct handling at operation of the 
tumor and its possible extension into the 
mediastinum. Careful dissection and skill- 
ful handling of the mediastinum have 
enabled more cases to be resected. As 
each surgeon’s criteria of operability be- 
come more inclusive, a more radical ap- 
proach is being adopted toward the 
disease. Spread of the disease to the 
regional lymph nodes and mediastinum, 
following failure of early diagnosis, is now 
met by more radical resection with re- 
moval of lymph nodes and clearing out 
of the mediastinal glands up to the base 
of the neck. Success with this procedure 
has increased as further surgical experi- 
ence has been attained. But the surgeon’s 
attempt to make up for failure of early 
diagnosis by employing radical pneumon- 
ectomy entails a more formidable opera- 
tion with a greater operative risk. The 
better way to lower mortality and in- 
crease the survival rate is earlier diagnosis 
and earlier exploration, permitting simple 
rather than radical pneumonectomy. 

The operability of carcinoma cannot be 
predicted at bronchoscopy except that 
exploration is contraindicated in cases 
where the tumor can be seen to invade 
the trachea or extend to the opposite side. 
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Rigidity of a bronchus may be due to the 
suppurative factor associated with the 
tumor as much as to the growth and does 
not preclude exploration. 

It is impossible to lay too much stress 
on the importance of Roentgen ray inter- 
pretation rather than bronchoscopy or 


symptomatology for bringing about early 
exploration. Resectability is higher in cases 
with negative bronchoscopic findings. Until 
this fact is appreciated by the medical 
profession carcinoma of the lung will con- 
tinue to have the hopeless prognosis that 
it has had in the past. 
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A STATISTICAL STUDY OF 112 CASES OF BENIGN GASTRIC ULCERATION 


By Maurice FetpmMan, M.D. 
ASSISTANT PROFESSOR OF GASTROENTEROLOGY, UNIVERSITY OF MARYLAND 
BALTIMORE, MARYLAND 


IN a recent 10 year study of 7300 gastro- 
intestinal examinations of civilian ambula- 
tory patients with digestive symptoms, 
1154 cases of duodenal ulcer and 112 cases 
of gastric ulceration were observed. The 
statistical study of the life cycle of duo- 
denal ulcer has been reported in another 
publication. In this communication the 
following statistical information of 112 
cases of gastric ulceration will be given: 
(1) incidence of gastric ulcer, (2) site of 
the ulceration, (3) age and sex, (4) dura- 
tion of symptoms, (5) symptoms and signs, 
and (6) recurrences 


For the purpose of this study two 5 vear - 


periods were selected—(1) prewar, 1937- 
1941, (2) wartime, 1941-1946—to deter- 
mine what effect, if any, the war had upon 
the incidence of gastric ulceration. 

In 7300 gastro-intestinal examinations 
in patients with digestive symptoms, pep- 
tic ulceration was found in 1266 cases. 
Of these, 1154 (86.7%) were duodenal and 
112 (17.3%) gastric. For the purpose of 
this study, the gastric ulcer cases were 
divided into 2 groups, according to the 
site: Group 1, those involving the body 
and cardia, comprising 74 cases, and 
Group 2, those involving the pylorus, 
38 cases. 

Group 1. IncmeENnce. While the inci- 
dence of gastric ulcer, all sites, was 1.53%, 
that for involvement of the body and 
cardia was 0.84%. In a 5 year prewar 
period, 3500 gastro-intestinal examina- 
tions yielded 28 cases of gastric ulceration 
involving the body and cardia. In the 
second 5 year wartime period, comprising 
3800 cases, 46 cases were observed. The 
prewar incidence was 0.8 %, while the war- 
time incidence was 1.2%. The incidence 
increased 0.4% during the war in the 
civilian population. A similar increase 
was noted in the incidence of duodenal 
ulcer. 


Sex anp Ace. Of the 74 patients with 
gastric ulcer, 60 were males and 14 
females. The prewar group comprised 25 
males and 3 females, the wartime group 
35 males and 11 females. Comparing 
the two periods, there seemed to be a 
slight increase of females during the war- 
time period. 

Table 1 shows that the majority of 
those who sought medical attention were 
between the ages of 30 and 70 years. It 
was of particular interest to observe the 
age of the patie.its at the onset of symp- 
toms of gastric ulceration (Table 2). The 
onset occurred at an older age for those 
with gastric than for those with duodenal 
ulcer. The table shows a striking and sig- 
nificant difference in the age between the 
onset of symptoms in gastric and duodenal 
ulceration. 

Duration. The duration of symptoms 
ranged from 1 month to 40 years (Table 3). 
The majority of patients presented symp- 
toms of from 1 to 10 years. Of particular 
interest is the number of cases of less than 
1 year’s duration seen during the wartime. 

RecurRENCES. Recurrences with se- 
vere symptomatic episodes are not as 
common in gastric as in duodenal ulcera- 
tion (Table 4). Of the 74 patients with 
gastric ulcer, the majority presented only 
1 severe recurrence up to the time of the 
examination. There were 18 patients with 
acute ulceration seen during the wartime 
period, who had not had digestive symp- 
toms before. A comparison between the 2 
5 year periods showed an increase in the 
prevalence of acute gastric ulceration in 
the wartime group; otherwise there was 
little significant change. 

SymMpToMs AND Siens. All of the gastric 
ulcers were active and all showed an ulcer 
niche filling defect in the Roentgen exam- 
ination. The predominant symptoms are 
shown in Table 5. 
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TABLE 1.—AGeE AND Sex or 112 Patients With Gastric ULoer 
Uleer of body and cardia 


Males 


Group 1 Group 2 
0 1 
6 6 
6 5 
s 10 
3 10 
2 0 
25 35 


Females 
jroup | Group 2 
0 
0 


| 


Males 


Pyloric ulcer 


Females 
Group | Group 2 Group 1 Group 2 
0 1 1 1 
2 5 0 0 
3 4 3 2 
3 1 l 3 
2 3 1 0 
0 1 1 0 
10 15 7 6 


TABLE 2.—AGE aT ONSET OF SYMPTOMS IN 112 Cases or Gastric ULCER 


Ulcer of body and cardia 


Pyloric ulcer 


Males Females Males Females 
Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 
1 0 0 0 0 0 1 1 
4 0 1 0 3 1 1 1 
2 4 0 0 l 4 0 0 
3 3 0 2 0 1 1 0 
8 1 1 l 2 1 1 
oa 4 0 1 2 2 0 2 
7 l 0 1 2 0 
— 3 0 0 0 0 0 1 
a, 0 0 3 1 3 0 0 
. = 5 0 1 2 0 0 0 
. 2 1 0 2 0 0 1 0 
- 2 0 0 0 0 5 0 0 
_«/- 35 3 ll 10 15 7 6 
3.—DvRation or Symproms IN 112 Cases or Gastric ULcER 
Uleer of body and cardia Pyloric ulcer 
Males Females Males Females 
Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group Group 2 
1 5 0 1 1 2 0 0 
1 2 0 1 0 1 0 0 
1 4 0 1 1 0 0 1 
4 ll 1 2 2 5 2 | 
4 3 1 3 0 4 2 1 
= 2 1 2 2 0 0 1 
2 4 0 0 2 3 0 1 
1 2 0 1 1 0 3 1 
3 0 0 0 1 0 0 0 
1 1 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 
25 35 3 11 10 15 7 6 


TaBLe 4.—RECURRENCES OF SYMPTOMS IN -112 Cases or Gastric ULCER 


Ulcer of body and cardia 


Pyloric ulcer 


Males Females Males Females 
Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 
se 14 0 3 2 4 0 0 
. 10 12 1 6 2 7 3 4 

7 4 2 1 3 2 1 1 
4 4 0 0 3 2 2 0 
3 1 0 1 0 0 1 1 
25 35 3 11 10 16 7 6 
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Pain. Of the 74 patients, 66 had pain; 
in 40 there was a history of food relation 
to the pain, it being worse after eating. 
A comparison between the two 5 year 
periods showed no change in the incidence 
of pain. 

Vomiting. Vomiting occurred in 18 of 
the 74 cases. There was no change in the 
incidence of vomiting during the 2 periods. 


Group 2. In 112 cases of gastric ulcera- 
tion encountered in 7300 gastro-intestinal 
Roentgen examinations, 38 had pyloric 
ulcers situated at or close to the pyloric 
sphincter. 

The 
group was 0.52%. 

Sex anp Ace. Of the 38 patients with 
pyloric ulceration, 25 were males and 13 


incidence for this 


TasLe 5.—Siens anp In 112 Cases or Gastric ULCER 


Ulcer of body and cardia Pyloric ulcer 
Males Females Males Females 
Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 
Niche a 35 3 11 6 13 6 6 
33 0 8 0 5 2 4 
Pain-food relation . — 22 3 3 7 8 2 0 
Vomiting , 7 7 1 3 3 10 4 2 
Gastric hemorrhage : 2 1 0 1 0 1 0 0 
Black stools, exclusive of 
gastric hemorrhage 1 2 0 1 0 2 0 0 
Pyloric obstruction . 0 0 0 0 1 2 4 0 
Perforation . 2 0 0 0 0 0 0 0 
Loss of weight s 5 0 3 0 5 0 0 
Diarrhea . 0 0 0 3 1 0 0 0 
Constipation 13 17 1 5 2 1 1 2 
Bowels regular .. 9 14 2 3 1 0 1 0 
Irritable spastic colon 0 0 0 2 4 4 4 2 
Massive Gastric Hemorrhage. Massive females. Tables 1 and 2 show. the inci- 


gastric hemorrhage occurred in only 4 in- 
stances of the 74 cases of gastric ulceration. 
The incidence of massive gastric hemor- 
rhage is rather low and is comparable with 
the incidence encountered in duodenal 
ulceration. 

Black Stools. Although occult blood 
was observed in most of the cases, black 
stools was noticed by the patient in only 
4 instances. 

Perforation. Of the 74 patients, only 2 
gave a history of perforation. 

Loss of Weight. It is interesting to note 
that of the 74 patients, 16 complained of 
loss of weight. The loss of weight was due 
to abstinence of food. 

Bowel Movements. Of the 74 individuals 
with gastric ulcer, 36 gave a history of 
constipation and 28 had regular bowel 
movements. In none of the cases were 
there Roentgen evidence of an irritable 
spastic colon. These findings differ con- 
siderably from those observed in duodenal 
ulceration, where a high percentage of 
irritable spastic colon is found. 


dence of sex according to age. The age 
of onset of pyloric ulceration varies con- 
siderably. The majority of pyloric ulcer 
cases were seen between the 3rd and 6th 
decades. . 

Duration. The duration of symptoms 
varied from 1 month to 26 years (Table 3). 
It is interesting to note the small number 
of cases of short duration. The female 
group revealed only 1 case of less than 
1 years duration. 

Signs AND Symptoms. Of the 38 cases 
of pyloric ulceration, 31 had an ulcer niche 
defect. The predominant symptoms were 
pain and vomiting. In this group of 38 
cases, there was only 1 instance of massive 
gastric hemorrhage. The signs and symp- 
toms are shown in Table 4. 

OsstrucTion. Pyloric obstruction was 
observed in 7 instances. 

RECURRENCE OF Symptoms. Recur- 
rences of symptoms in the 38 cases ranged 
from 1 to 4 (Table 5). There were 6 in- 
stances of males with a history of an acute 


| | | 
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onset. In the females, there was none 
with an acute onset. 

A comparison between the prewar and 
wartime groups revealed an increase in 
the percentage of acute and first recur- 
rences of pyloric ulcerations during the 
wartime. 

Summary. An incidence of gastric ul- 
ceration was 1.53% in a series of 7300 
ambulatory patients with digestive symp- 
toms. The ratio between duodenal ulcer 
and gastric ulcer was approximately 10 
to 1. The incidence of gastric ulceration 
increased from 0.8 to 1.2% during the war 


period. There was a slight increase of 
gastric ulcer in females during the war- 
time. Gastric ulcers of short duration or 
acute ulcers were more common during 
the wartime. Recurrences were less fre- 
quent in gastric ulceration, than in cases 
of duodenal ulcers. 

There were 38 cases of pyloric ulcera- 
tion among the 112 cases of gastric ulcers. 
The incidence of pyloric ulcer in 7300 
gastro-intestinal examinations was 0.5%. 
The pyloric ulcers behaved like the gastric 
type, with the exception of a greater preva- 
lence of obstruction. 


REFERENCE 


1. Fetpman, M.: 
Med. Assn. 


A Statistical Study of the Life Cycle of 1154 Cases of Duodenal Ulcer, J. Am. 
In press. 


| 
| 
< 
i 
| 
| 
| 
} 
| 


Am. 


CASTLE’S INTRINSIC FACTOR IN THE HUMAN STOMACH 7 


EXPERIMENTAL STUDY ON THE LOCALIZATION OF CASTLE’S INTRINSIC 
FACTOR IN THE HUMAN STOMACH 


ANTI-ANEMIC EFFECT OF POWDERED HUMAN FUNDUS AND PYLORUS 


By LANDBOE-CHRISTENSEN, M.D. 
ASSOCIATE PROFESSOR OF ANATOMY 


AND 
Craus Munk Pas.D. 
COPENHAGEN, DENMARK 


(From the Department of Anatomy, Faculty of Medicine, University of Copenhagen [Chief, Prof. Harald 


Okkels, M.D.], and the Biological Laboratory of 


THE use of dried hog stomach, espe- 
cially the pyloric portion, in the treat- 
ment of pernicious anemia is based on a 
number of clinico-therapeutic investiga- 
tions demonstrating the effectiveness of 
this material.47° Preparations of the 
fundal portion of hog stomach were found 
to be inactive,’ whereas pyloric prepa- 
rations had a pronounced effect. Prepara- 
tions made from the cardiac portion of 
the hog stomach and from the duodenum 
were also effective.”** From his findings, 
Meulengracht” concluded that Castle’s 
“intrinsic factor” was not produced by 
the fundal glands, but by the pyloric 
glands together with the cardiac glands 
and the duodenal glands of Brunner: the 
“pyloric glandular organ.” Applying the 
results to pernicious anemia in man, Meu- 
lengracht concluded that the experiments 
indicated the site of the lesion in the 
stomach, and that in all probability per- 
nicious anemia was due to atrophy and 
the inactivity of the “pyloric glandular 
organ.” 

From experiments with resection of the 
fundus of the stomach in hogs, Petri and 
his co-workers":” concluded that “the 
fundus is that region within the stomach 
which is primarily decisive as to 
the formation of the anti-pernicious ane- 
mia principle.” 

However, repeated histologic studies on 
the human stomach in cases of pernicious 
anemia have shown that it is the fundal 
portion that undergoes the most conspicu- 
ous changes.'®-7¢16 These changes are of 
an atrophic and degenerative character, 
increasing to total loss of specific glandular 


“ Medicinalco,” Ltd. [Chief, Erik Jacobsen, M.D.]) 


elements in the fundal zone. The area of 
pyloric glands is either unchanged or pre- 
sents some less pronounced changes." 
Also, gastroscopic examinations on patients 
with pernicious anemia indicate that it is 
the body of the stomach, the zone of the fun- 
dal glands, that is particularly affected.“ 

Because of the discrepancy between the 
localization of the degenerative processes 
in the stomach in pernicious anemia and 
Meulengracht’s view of the pyloric gland 
organ as presumably the most important 
source of the “intrinsic factor” in man, 
Fox and Castle? reinvestigated the site of. 
intrinsic factor production. They were 
able fully to confirm the effectiveness of 
preparations of the pyloric portion of hog 
stomach and the lack of activity of prepa- 
rations from the fundal portion, and sup- 
port the assumption that this distribution 
of the anti-pernicious anemia activity is 
an indication of the site of secretion of 
the intrinsic factor in the hog stomach. 
Fox and Castle investigated Meulen- 
gracht’s assumption that the observations 
on hog stomach are directly applicable to 
man by studying the anti-pernicious ane- 
mia effect of dried human fundus and 
dried pylorus. Their material was ob- 
tained at autopsies on adults of either 
sex in various age groups who had died 
suddenly from a heart or brain lesion and 
had shown no clinical or postmortem signs 
of infection. The stomachs were removed 
usually within 12 hours after death, 
always within 24 hours. Immediately 
after their removal the stomachs were 
opened and divided into various portions 
according to a schematic drawing pre- 
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sented by Meulengracht and Sgeborg- 
Ohlsen,* based on the findings in the hog 
stomach (Fig. 1). Fox and Castle pointed 
out that because of the different distribu- 
tion of pyloric and fundal glands in the 
human stomach (Paschkis and Orator'®) 
the “pylorus” preparations employed 
were not pure but contained an admixture 
of fundal gland tissue. 


Meulengracht and Sgeborg-Ohlsen.$ 


pernicious anemia activity of the stomach 
preparation defines the site of secretion 
of the intrinsic factor, the conclusion will 
be that in man the fundal portion, not 
the pyloric portion, of the stomach is the 
most important site of intrinsic factor 
production. This is in keeping with the 
site of the degenerative processes in the 
stomach in pernicious anemia. 


B. 
Fic. 1.—A, Distribution of pyloric, cardiac and fundal types of glands in hog stomach according to 


B, Plan of incision (solid lines) employed by Fox and Castle* 


for pylorus, cardia and fundus preparations of human stomachs. Glandular areas according to Paschkis 


and Orator.!° (After Fox and Castle.) 

After washing, the stomach specimens 
were ground together with the same 
amount of beef; they were then dried, 
powdered and defatted with ether. The 
therapeutic dose employed was 10 gm. of 
this powder 3 times daily for 10 days. 
The fundus preparation showed a maxi- 
mal anti-pernicious anemia effect in 2 
cases. One patient with an initial red 
blood count of 1.62 million per c.mm. 
treated with the “pylorus” preparation 
showed only a slight reticulocyte response 
(6.4% on the 10th day), and subsequent 
treatment with Ventriculin (N. N. R.) in 
the same dosage gave a strong second 
reticulocyte response. 

From these findings Fox and Castle 
concluded that the anti-pernicious anemia 
activity of dried preparations from human 
stomach showed a distribution of activity 
quite different from that observed in hog 
stomach preparations. The fundus prepa- 
rations gave a pronounced effect, whereas 
the pylorus preparation had only slight 
activity, which might be attributable to the 
fact that the pylorus preparation contained 
a considerable admixture of fundal glands. 
If the assumption is made that the anti- 


PRESENT INVESTIGATION. In a previous 
paper,’ a description of the position of the 
pyloric-fundal gland border in the human 
stomach has been given. Utilizing this 
mapping of the glandular zones (Fig. 2) 
we have been able to separate the fundal 
and pyloric areas anatomically and thus 
to employ pure fundus and pylorus prepa- 
rations in the clinico-therapeutic experi- 
ments. ; 


Method. All the stomachs used here were 
removed from individuals of either sex who 
died suddenly, in most instances from gun- 
shot wounds, in a few cases from cardiac 
lesions or carbon monoxide poisoning. The 
ages ranged from 17 to 66 years, most sub- 
jects being under 40. The stomachs were 
removed within 21 hours after death, usually 
within a few hours. The subserous adipose 
tissue was removed. The stomach was 
opened along the greater curvature and the 
mucous membrane was washed briefly with 
running water. The stomach was then 
divided into the pyloric and the fundal por- 
tions as defined by the previous studies® 
(Figs. 2 and 3). These sections were then 
dried, defatted and powdered. The prepara- 
tions were kept, until used, in paraffined 
boxes each containing 5 gm. None of the 
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Fig. 2.—Pyloric-fundal border in human stomach according to Landboe-Christensen* Stomach 
(o" 23 years) cleared in acetic acid and transilluminated. The pyloric area represents 11% of the 
total stomach area. 


Fie. 3.—Position of pyloric-fundal gland border in the human stomach. The shaded areas indicate 
the pyloric and fundal portions used in the experiments. 
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preparations were found to contain bacteria 
pathogenic to man. 

Case Reports. Case | was treated with a 
pure human fundus preparation and Case 2 
with a pure human pylorus preparation. 

CasE 1. No. 261/1946. The patient was 
a 38 year old woman, admitted to Medical 
Department A of the Rigshospital, Copen- 
hagen, on Jan. 22, 1946, with typical perni- 
cious anemia. Apart from a_ period of 
2 months, 5 years before, when presumably 
she was given liver preparation, the patient 


PLUM: 


The patient was given powdered human 
fundus, 20 gm. daily for 2 days, and 10 gm. 
daily for the following 6 days, a total of 
100 gm. The preparation was given with 
lunch and dinner. The patient was given the 
ordinary hospital diet. In addition, meat 
was included in each dinner. Liver was 
avoided. The reticulocytes began to rise on 
the 4th day and reached a peak of 23.9% on 
the 7th day (Fig. 4). During the following 
5 days the reticulocyte count fell to 4%. 
During the next 14 days the patient was 
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4.—Hematologic findings. 


On admission, the hemoglobin was 47%; 
10 days later it was 43%. The red blood 
counts were 1.46 and 1.40 millions per c.mm. 
respectively. Gastric analysis showed hista- 
mine-fast achlorhydria. The icterus index 


was 5 and the serum iron was 0.221 mg. 
per 100 cc. Sternal puncture showed megalo- 
blastic erythropoiesis. 


Case 1. 


dered hog pylorus, in the same dosage. 
This did not produce a second reticulocyte 
response. 

The hemoglobin percentage rose in 11 days 
from 45 to 68%, and the red blood count 
from 1.4 to 2.7 millions. At the same time 
the sternal puncture showed a distinct change 
from a megaloblastic to a normoblastie bone 
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iuarrow. Serum iron on the 13th day after 
the start of treatment was 0.118 mg. per 
100 ce. 

Case 2. The patient, a woman aged 43, 
was admitted on Aug. 24, 1946, to the 
Kommune Hospital Medical Department 
VII, Copenhagen, with untreated pernicious 
anemia. 
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subsequent moderate rise in the red cells 
and hemoglobin. The effect observed, how- 
ever, was smaller than in the first case. 
During 18 days the erythrocytes rose from 
1.3 to 1.9 millions per e.mm. and the hemo- 
globin from 39 to 48%. Subsequent treat- 
ment with human fundus powder and with 
hog pylorus powder caused second and third 
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Fic. 5.—Hematologic findings. 


On admission, the hemoglobin was 41%, 
the red blood count 1.3 millions per ¢.mm., 
the color index 1.5. Gastric analysis with 
histamine showed no free hydrochloric acid. 
Che ieterus index was 37. Roentgen ray of 
the gall bladder showed 4 small stones. 
Liver function tests were normal. The ster- 
val puneture showed megaloblastie erythro- 
poiesis. 

The patient was given powdered human 
vylorus, 20 gm. daily for 2 days and 10 gm. 
laily for the next 4 days, a total of 80 gm. 
wing to the extreme difficulty in obtaining 
‘he material, only this quantity was avail- 
ible. The diet was the same as in the 
‘rst ease. Reticulocyte rise commenced on 
the 4th day, and the peak value of 17% 
vas reached on the 8th day (Fig. 5), with 


Case 2. 


reticulocyte responses with peaks of 12.3% 
and 6.3% respectively. The sternal marrow 
immediately after the course of treatment 
with pylorus powder showed considerable 
normoblastic proliferation. The subsequent 
punctures showed the marrow obviously 
altered further by the therapy, but even 
after treatment with human fundus powder 
erythropoiesis was still not quite normal, 
particularly as indicated by the number of 
basophilic erythroblasts. 

Comment. The feeding of 100 gm. of 
dried powdered and defatted stomach wall 
from the anatomic fundal part of the 
human stomach to a patient with perni- 
cious anemia over a period of 8 days pro- 
duced a striking therapeutic effect. This 
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demonstration of high anti-pernicious ane- 
mia activity of human fundus powder 
agrees with the observations of Fox and 
Castle and corresponds with the localiza- 
tion of the pathologic changes in the 
stomach of patients with pernicious ane- 
mia. The effectiveness of human fundus 
powder is in contrast, however, to the 
total ineffectiveness of hog fundus. 

The feeding of 80 gm. of dried pow- 
dered and defatted stomach wall from the 
anatomic pyloric part of the human stom- 
ach to a second patient with pernicious 
anemia over a period of 6 days produced 
a moderate therapeutic effect, the reticu- 
locytes rising to 17 % on the 9th day with 
subsequent rise in the red cells and hemo- 
globin. The effect observed was smaller 
than in the case treated with fundus 
powder. Subsequent feeding of human 
fundus powder caused a second reticulo- 
cyte response (peak of 12.3%). Because 
therapy was not continuous, however, this 
second reticulocyte reaction, although it 
suggests the submaximal effectiveness of 
the pylorus powder in the dose given, does 
not prove conclusively the greater potency 
of fundus powder.® Fox and Castle like- 
wise observed a relative slight effect from 
the administration of their so-called “ py- 
lorus” preparation which they considered 
possibly to be the result of the presence 
of some glandular material of the fundal 
type. However, in the present experiment 
no glands of the fundal type were present 
and yet the material had definite anti- 
pernicious anemia activity. 


The criticism could be made that secre- 
tion from the fundus of the stomach might 
have contaminated the preparation from 
the pylorus, which forms only about 11% 
of the total stomach area. Fox and 
Castle,? in their study of the distribution 
of the anti-pernicious anemia activity in 
the hog stomach, demonstrated that hog 
fundus was therapeutically ineffective, 
even when taken from stomachs allowed 
to remain unopened for 24 hours and conse- 
quently potentially exposed to contamina- 
tion with pyloric secretions. This control 
observation suggests that anti-pernicious 
anemia activity occurs not only in asso- 
ciation with human fundal glands, as 
shown previously by Fox and Castle, but 
also as in the present experiments in asso- 
ciation with human pyloric glands. With 
the amounts of material available, it was 
not possible to perform an experiment in 
such a way as to give information as to 
whether fundus or pylorus powder is more 
active. 

Summary. Dried powdered prepara- 
tions were made of the fundal and pyloric 
parts of the wall of the human stomach. 
Separation was effected according to the 
mapping out of the pyloric-fundal gland 
border described previously (Landboe- 
Christensen). Clinical tests of the thera- 
peutic efficiency of the preparations were 
carried out in 2 cases of pernicious anemia. 
In the doses used fundus powder gave 
maximal response, and pylorus powder 
showed moderate activity. 
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RECTAL POLYPS: DIAGNOSIS, 5 YEAR FOLLOW-UP, AND RELATION 
TO CARCINOMA OF THE RECTUM 


By James R. Cotvert, M.D.* 
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AND 
CuaARLEs H. Brown, M.S., M.D. 
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DETROIT, MICHIGAN 


(From the Gastro-intestinal Division of the Department of Medicine, Henry Ford Hospital) 


THERE has been considerable contro- 
versy concerning the potential malignancy 
of benign rectal polyps. Bockus! pub- 
lished a review of other sources which 
showed a variation of from 5 to 85% in 
the malignancy index of rectal polyps. 
He believed that the wide variation was 
the result of individual interpretation 
of the observed pathologic changes. Fitz- 
gibbon and Rankin,‘ noting the similarity 
of site of origin of cancer and polyps in 
the gastro-intestinal tract, suggested the 
possibility that cancer of the rectum arose 
from benign polyps. Brust? reported a 
sex ratio in polyps of 3 males to 2 females, 
corresponding to the ratio in carcinoma of 
the rectum. Swinton and Warren" con- 
tended that in 827 cases of carcinoma of 
the colon and rectum, 14% could be 
demonstrated histologically to have arisen 
from benign rectal polyps. Lockhart- 
Mummery and Dukes® reported that prac- 
tically all cases of heredofamilial type of 
disseminated polyposis develop carcinoma 
of the colon, and die 20 years earlier than 
other cases of carcinoma of the colon. 
Sawyer!® contended that all polyps in the 
rectum are potentially malignant and that 
the probability of cancer increases with 
the number of polyps present, approaching 
100% in disseminated polyposis. Buie 
and Brust* believed that most, if not all, 
rectal adenomas will ultimately become 
cancer if not removed. 

Contrary to the above evidence and 
opinions, Fitzgibbon and Rankin® stated 
that some polyps never become malignart. 
David® observed that it is an extremely 


rare clinical experience to observe an ap- 
parently benign adenoma or papilloma of 
the rectum become malignant, even over 
a considerable period of observation. 
Lawrence’ in 7000 consecutive autopsies 
found an incidence of polyps in the rectum 
and colon of 3.37%. All suspicious polyps 
were examined microscopically and only 
6.5% were found to be malignant. In 
only 12% of the cases having carcinoma 
of the colon were benign rectal polyps also 
present. Martin’ found that the size of « 
polyp had no bearing on the question of 
whether a polypoid lesion is benign or 
malignant. Buie* noted that adenomatous 
polyps associated with malignant changes 
are of uniformly low-grade malignancy: 
usually of Grade I or II, very rarely of 
Grade III. 

Because of the above conflicting opinions 
as to whether benign rectal polyps become 
malignant or not, we have undertaken 
this study of 235 cases of rectal polyps, 
some of which were removed and some 
of which were not. A 5 year follow-up 
study was conducted to determine whether 
patients who did not have their polyps 
removed developed carcinoma of the rec- 
tum more frequently than patients who 
did have their polyps removed. 


Method. In this study all cases of rectal 
polyps found at the Henry Ford Hospital! 
from 1930 to 1941 were included. Carci- 
nomas of the rectum were not included as 
they are outside the scope of this paper. 
An effort was made to obtain 5 year follow-up 
observations on all other cases. 

The number of proctoscopie examination 


* Now in practice in Oklahoma City. 
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required to discover the 235 cases of rectal 
polyps studied is not known, as no record 
was kept in the earlier years as to the num- 
ber of proctoscopie examination done. This 
figure can only be estimated on the incidence 
of polyps found in the past 4 years. During 
this period they were found in 2.3°% of the 
patients examined. On this basis we esti- 
mate that about 10,200 proctoscopic exam- 
inations were made in establishing this series 
of 235 rectal polyps. 

Patients have been advised routinely to 
have rectal polyps removed. However, a 
number of patients did not do so. This 
gives us 2 groups to compare in our 5 year 
follow-up, namely, those who had their 
polyps removed and those who did not. 

In this study, all polyps classified as be- 
nign were done so on the basis of microscopic 
examination after removal of the polyp. 

The polyps were removed by fulguration 
after biopsy, with the exception of 3 cases. 
In 1 case, Roentgen ray therapy was used 
with subsequent bowel resection, as the 
polyp was in the sigmoid. In the other 
2 cases, resection of the bowel was done 
because the polyps were in the sigmoid colon. 


Results. 1. Cuinicat Data. (a) Inci- 
dence of Rectal Polyps. The incidence of 
2.3% of rectal polyps in routine procto- 
scopic examinations in this clinic is some- 
what low compared with the literature. 
However, proctoscopic examination is a 
routine procedure for all patients in the 
Gastro-intestinal Division of Henry Ford 
Hospital. 


TaBLe 1.--AGE AND Sex DISTRIBUTION IN 
Cases or Rectat Potyps 

Age 
(yrs.) Female Male Total 
. 0 1 l 
10-19 . 3 1 4 
20-29 . Ss 6 14 
30-39 . 14 1s 32 
40-49 . 2 51 73 
50-59 17 43 60 
60-69 17 21 35 
70-79 3 10 13 
80 and over . 0 0 0 
Totals 4 151 235 


In Table 1 are presented the age and 
-ex distribution of our patients with rectal 
polyps, 72% occurring in the 4th, 5th and 
oth decades; 65% were males. Both of 
‘hese figures agree approximately with the 
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age and sex incidence of carcinoma of the 
rectum, as has been reported by Brust.? 

(b) Symptoms. There is no evidence 
that rectal polyps cause symptoms, except 
for the occasional cases with ulceration of 
the polyp and possible bleeding. Table 2, 
dealing with symptoms, shows the pre- 
dominating symptom occurring in these 
cases to be irritable colon distress. This 
is understandable, as the majority of the 
patients routinely proctoscoped came to 
the clinic because of this distress. Only 
21 patients complained of rectal bleeding 
and only 9 patients complained of any 
rectal discomfort. We doubt that the 
rectal polyp caused all the cases of bleed- 
ing, and certainly doubt that the rectal 
polyp caused the rectal discomfort. How- 
ever, if one assumed that the complaints 
in all of these 30 cases with either rectal 
bleeding or discomfort were due to the 
rectal polyp, only 12.8% of the rectal 
polyps produced symptoms, since there 
were 205 patients (87.2%) who did not 
have these or any other symptoms pos- 
sibly related to the polyp. Obviously, the 
diagnosis of rectal polyp, tentative diag- 
nosis, or even suspicion of a rectal polyp 
cannot be based on the symptoms that 
the patient presents. 


TaBLe 2.—-SyYMPTOMS IN PaTIENTS WITH 
Rectat Poryps* 


No. 

patients 
Irritable colon 132 
Constipation 
Rectal bleeding 
Diarrhea 17 
Rectal discomfort 


Alternating diarrhea and constipation 3 


* Symptoms not related to the lower gastro- 
intestinal tract were not included. 


(c) Associated Abdominal and Rectal 
Lesions. In Table 3 the accompanying 
abdominal lesions in cases with rectal 
polyps is tabulated. An analysis of these 
data convinces one that there is no signifi- 
cant association of other abdominal lesion 
with rectal polyps. It should be noted 
that only 4 of these patients had ulcera- 
tive colitis, only 3 had amebiasis, 6 had 
other intestinal parasites, and 10 had 
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benign ulcerative proctitis. ‘There is no 
evidence that a causal relationship exists 
between any of the associated abdominal 
conditions and rectal polyps. 


TABLE 3.--ABDOMINAL AND Recta LESIONS 
IN 235 Patients With Rectat 


Lesion No. 
Diverticulosis 
Benign ulcerative proctitis 
Intestinal parasites . 6 
Ulcerative colitis 4 
Amebiasis. 3 
Cholecystitis 3 
Gastritis 3 
Fistula-in-ano 2 
Appendicitis 2 
Congenital polyposis . . . .. 2 
Fibroids, acute hepatitis, gastric carci- 

noma, gastric polyp, malnutrition, 

hepatic cyst, typhoid fever 1 ea. 


2. LaBoRATORY EXAMINATIONS AND 
RoOENTGEN Ray Finpinos. (a) Stool Ex- 
aminations. Stool examinations are re- 
ported in Table 4. In 186 examinations 
for occult blood only 62 were positive. 
We cannot say that the stools that were 
positive for occult blood were so because 
of the rectal polyp. The positive tests 
may have been due to an excess of meat 
in the diet, bleeding gums, peptic ulcer, 
hemorrhoids, or to other conditions caus- 
ing occult blood in the stool. 


TABLE 4.—OccuLT BLoop IN THE STOOL 


Negative examinations . 124 
Positive examinations 62 
28 
2+ : “17 
3+ 7 
4+ 10 


(b) Hemoglobin Determinations. Table 5 
presents the hemoglobin determinations in 
218 patients with rectal polyps. Of this 
number only 35 had a hemoglobin less 
than 12 gm. Analyses of these 35 cases 
showed the anemia to be associated with 
other conditions in 21 cases. In only 14 


of the 218 cases could the anemia possibly 
have been due to the rectal polyp. From 
these data, it is obvious that anemia is 
not usually a finding in patients with rectal 
polyps. 
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RECTAL POLYPS 
Taste 5. ~HEMOGLOBIN IN Patients 
Rectat Potyps* 
No. 
Hemoglobin determination 218 
Hemoglobin less than 12 gm. 35 
Anemia associated with other con- 
Anemia associated with polyp (be- 
nign) (anemia not explained) . 7 
Anemia associated with polyp (malig- 


* White blood count was normal except when 
elevated due to other conditions. 


(ec) Barium Enema Examinations. In 
Table 6 the results of Roentgen ray ex- 
aminations of the colon in patients with 
rectal polyps are presented. It will be 
seen that an associated lesion is quite 
infrequent. With 179 ordinary enema 
examinations, colonic polyps above the 
rectum were found in only 5 cases. With 
43 double contrast enema examinations, 
other polyps were found in 12 cases. This 
clearly demonstrates the value of a double 
contrast barium enema examination in 
the diagnosis of colonic polyps by Roentgen 
ray. It shows the necessity of a double 
contrast barium enema in every patient 
with a rectal polyp. 


TABLE 6.—RoENTGEN FINDINGS IN PATIENTS 
Wits Rectau 


Regular barium Double 
enema contrast 
Total number done 179 43 
Negative 115 31 
Spastic colon . 47 
Diverticuli 14 
Polyps (colonic) .. 5 12 
Non-rotation of cecum 2 
Ulcerative colitis . 2 
Examinations not done 56 192 


3. or Rectau Potyps. Of 
235 patients in our series, 167 had their 
polyps removed, 68 failing to do so. In 
32 patients multiple polyps were demon- 
strated, and 14 patients had recurrent 
polyps. The 167 patients had 175 polyps 
removed, 8 patients having more than 
1 polyp. 

(a) Gross Pathology. In Table 7 the 
gross appearance of the polyp is tabulated. 
It is apparent from a comparison of the 
general appearance of the benign and 
malignant polyps that there is no apparent 
difference. It cannot be assumed that a 
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polyp is benign, because it is small, pea- 
sized or sessile. The only way that one 
may determine whether apy particular 
polyp is benign or malignant is by the 
histologic report. This is in agreement 
with the findings of Martin.° 

In this connection, however, there is 
one point of some importance. Only 5% 
of the 273 benign polyps were ulcerated, 
whereas 37.5% of the 16 malignant were 
ulcerated. Although ulceration of a polyp 
is not diagnostic of malignancy, ulceration 
occurred over 7 times as frequently in the 
malignant group of polyps as in the same 
number of benign polyps. (The greater 
total number of ulcerated benign polyps 
found (see Table 8), as compared with the 
total number of ulcerated malignant 
polyps, is obviously due to the fact that, 
in the total group, there were 17 times as 
many benign polyps as there were malig- 
nant polyps): 


TaBLe 7.—Gross APPEARANCE OF RECTAL 
PoLyps 
Appearance Benign Malignant 
Small, pea-sized . 84 1 
Pedunculated .. 68 8 
Sessile ... 56 5 
Not stated 65 2 
Total polyps 273 16 289* 
Ulcerated 14(5%) 6(37.5%) 


* This totals more than 235, because some 
patients had multiple polyps and some had recur- 
rent polyps. 


(b) Microseopic Pathology. In Table 8 
the microscopic findings in the rectal 
polyps is presented. Of the 175 biopsies, 
36 showed some suggestion of malignancy 
on the microscopic examination, although 
they could not be classed as malignant. 
[t must be remembered that an adenoma 
frequently is growing and proliferating; 
hence one would expect to see some evi- 
dence of that growth in the cells present. 
We do not believe that the presence of one 
or more signs of malignancy, without inva- 
sion of the basement membrane, indicates 
necessarily that the polyp will become 
malignant. It also is to be noted that in 
the 16 cases of definite malignant aden- 
omas, none of them were greater than 


Grade II in malignancy. This is in agree- 
ment with Buie*® who found that adenoma- 
tous polyps associated with malignant 
changes have a uniformly low grade of 
malignancy. 


TaBLe 8.— Microscopic IN REcTAL 
Classification No. 
Benign 123 
Benign but with signs of malignancy. 36 
Mitotic figures . . . 19 
Hyperchromatic nuclei. 14 
Piling up of ee . 19 
One sign . 21 
Three signs .. . 1 
Malignant. ..... . 16 
Gradel . 10 
Grade 2 5 
Unclassified é 1 
Total biopsies 175 


4. FoLtow-up Srupy or Patients WITH 
RectaL Potyps. (a) Five to 11 Year Fol- 
low-up. Table 9 presents the number of 
cases we were able to follow for from 5 to 
11 years. The minimal length of follow- 
up included in the table was 5 years. Ten 
patients with benign polyps could not be 
followed for 5 years, because they died of 
other causes before the end of the 5 year 
period. Of the 159 patients with benign 
polyps, we were able to follow 117 (74%) 
for 5 years. Of the 68 patients who did 
not have their polyps removed, we were 
able to follow 43 (63%) for 5 years. 


TaBie 9.—Five YeAR or PATIENTS 
Wits Recrat 


No. 
5 to 11 year follow-up 174 
Benign... 117* 
Not removed 
No follow-up 
Benign, removed . ra. 
Not removed 25 
Benign, removed, died of 
other causes ° 10 
2 
* 74%. 
t 63%. 


(b) Five Year Incidence of Malignancy 
in Operated and Unoperated Polyps. In 
Table 10 both the incidence of malignancy 
in biopsied rectal polyps and the incidence 
of development of malignancy of the rec- 
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tum in a 5 year follow-up observation of 
operated and unoperated groups of cases 
are presented. The incidence of malig- 
nancy in rectal polyps on first examination 
was found to be 5.9%. This incidence of 
malignancy is in close agreement with the 
autopsy series of Lawrence,’ in which he 
found 6.5% of polyps were malignant. 
This indicates that there is a rather low 
yet definite incidence of malignancy in 
rectal polyps. 


their polyps removed (6.9 %) actually shoul 
equal the 5.9% incidence of carcinoma in 
those removed on first examination plus 
the 2.5% incidence of those in this same 
group that developed carcinoma in the 
subsequent 5 years (8.4%). The 2 figures 
are closely parallel. This indicates that 
the group in which the polyps were nof 
removed developed no more carcinoma in 
5 years than the group in which the polyps 
were removed. This is strong evidence, 


TaBLe 10.—INcIDENCE oF MALIGNANCY AND 5 YEAR FoLLow-uPp oF 
Patients Rectat Poryps 


No. 
patients % 
A. Total number biopsied on first examination 167 
1. Carcinoma present on first examination . 10 5.9 | 
2. Benign polyps removed 157 | 8.4 
(a) Total benign polyps remov ed, followed 5 yrs. 117 ame 
(b) Number subsequently developed carcinoma of rectum. 3 2.5) 
B. Total number polyps not removed, followed 5 yrs. or more 43 
Number subsequently developed carcinoma of rectum 3 6.9 
C. Total number malignant polyps removed 16 
(a) Number malignant polyps removed, followed 5 yrs. 14 
(b) Number cases well 5 yrs. or more after excision. 13 


In the group that had their benign 
polyps removed, 3 cases (2.5%) developed 
carcinoma of the rectum in a subsequent 
5 year period, making the total early and 
later incidence of carcinoma in the op- 
erated group 8.4% (5.9% plus 2.5%). In 
the non-operated group of rectal polyps 
the incidence of rectal carcinoma over a 
corresponding period of 5 years was 6.9%. 
These observations obviously fail to sup- 
port the theory that benign rectal polyps 
tend to become malignant (see Table 10). 
In our observation, however, in the group 
that did not have their polyps removed, 
only 6.9% of the cases subsequently de- 
veloped carcinoma during the 5 year 
period. This incidence of malignancy is 
almost the same as the initial 5.9% inci- 
dence of malignancy in those polyps that 
were removed on first examination. 

If benign rectal polyps become malig- 
nant with the passing of time, one would 
expect a much higher incidence of malig- 
nancy in polyps that have been present 
for 5 years than in those that are removed 
at once. Furthermore, the incidence of 
carcinoma in the group that did not have 


as noted above, that malignant polyps are 
either malignant in the beginning, or else 
become malignant early, and that benign 
polyps do not become malignant with the 
passing of time. 

It can also be seen from Table 10 that 
we were able to follow 14 of the 16 patients 
with malignant polyps for 5 years. Only 
1 of these 14 patients followed died of 
carcinoma of the rectum in the 5 year 
period. This is evidence (1) of the low 
grade of malignancy that is usually present 
in rectal polyps, and (2) of the value of 
early removal of rectal polyps. 

Summary. A review of the literature 
reveals a wide divergence of opinion as to 
the significance of rectal polyps. Reports 
vary from 5 to 85% incidence of. malig- 
nancy in rectal polyps. 

Our series includes 235 cases of rectal! 
polyps, with a 5 year follow-up of 174 
cases. The incidence of rectal polyps in 
routine proctoscopic examinations was 
estimated to be 2.3%. The age and sex 


distribution shows that 72% were found ’ 


in the 4th, 5th and 6th decades and that 
65% of the cases were males. Patient: 
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with rectal polyps rarely have symptoms 
referable to the polyps.. There is ap- 
parently no relation between rectal polyps 
and other abdominal lesions. Anemia, 
when present, is usually associated with 
other conditions. Stool examinations are 
occasionally positive for occult blood, but 
this finding is usually associated with some 
other intestinal condition. 

Since 2.3% of the patients presenting 
themselves to the Gastro-intestinal Divi- 
sion for treatment had rectal polyps, and 
since there is no other way to diagnose a 
rectal polyp than by proctoscopic exami- 
nation, the gastro-intestinal examination 
of any patient is incomplete without a 
proctoscopic examination. 

Additional colonic polyps were found in 
5 patients out of 179 by routine barium 
enema examinations. However, in 43 pa- 
tients in which double contrast barium 
enema examinations were done, additional 
colonic polyps were found in 12 cases. 
This emphasizes the importance of barium 
enema study, and particularly of double 
contrast examinations in patients with 
rectal polyps. 

There is no relationship of the size and 
shape of the rectal polyp to its tendency 
to be malignant. Ulceration, however, 
occurred 7 times as frequently in malignant 
polyps as in a similar number of benign 
polyps. 

There were 17 times as many benign 
polyps as malignant polyps in the total 
series. Of the 16 malignant polyps that 
were found, none had a malignancy higher 
than Grade II. This indicates the low 
grade of malignancy in malignant rectal 
adenomata. Of the 16 cases of malignant 
polyps which could be followed for 5 years, 
13 were well at that time. This also indi- 
cates the rather low grade of malignancy 
usually present in rectal adenomata. 

The incidence of carcinoma on first 
examination by biopsy after removal was 
5.9%. Of this group that had their 
polyps removed, an additional 2.5% de- 
veloped carcinoma of the rectum within 
5 years. This means that 8.4% of the 
patients who had their rectal polyps 


promptly removed exhibited rectal malig- 
nancy within a 5 year period. The group 
that did not have the polyps removed had 
an incidence of malignancy over a cor- 
responding 5 year period of 6.9%. The 
fact that this latter percentage is a little 
lower than 8.4% is almost certainly not 
significant but due rather to the fact the 
latter percentage was obtained from a 
smaller series of cases. This would indi- 
cate that malignant rectal polyps are 
either malignant in the beginning or tend 
to become malignant early. There is no 
evidence in this study that malignancy 
tends to develop in benign rectal polyps 
after some length of time. 

It is common knowledge that a certain 
number of patients die from malignant 
rectal polyps. The only question is, are 
these polyps malignant from the beginning 
in most instances at least, or do they tend 
to become malignant with the passage of 
time? The same division of opinion rela- 
tive to malignant gastric ulcer has existed 
for many years. 

Conclusions. 1. Rectal polyps rarely 
present symptoms suggestive of their 
presence. Only 12% of our patients had 
symptoms that could possibly be related 
to the rectal polyp and in most of these 
cases these symptoms were apparently 
due to other causes. 

2. Examination of a patient is incom- 
plete without a proctoscopic examination. 

3. Patients with rectal polyps should 
have a double contrast barium enema 
study to rule out polyps higher in the 
colon. 

4. One cannot be guided by the size, 
shape or general appearance of a rectal 
polyp as to whether it is malignant or 
benign. There is a much higher percentage 
of ulceration in malignant polyps than in 
benign polyps. 

5. All rectal polyps should be removed 
promptly, because only by biopsy can one 
determine if they are malignant or benign, 
and only in this way can the patients be 
given the maximum chance of a permanent 
cure, and without major surgery. 
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6. Rectal polyps, when malignant, are 
usually of a low grade of malignancy. 

7. The biopsy incidence of malignancy 
on first examination in the rectal polyps in 
this series was 5.9%. 

8. The total incidence of malignancy 
for the 5 year period is not significantly 
different in the group that had their polyps 
removed (8.4%) than in the group that 
did not have their polyps removed (6.9%). 

9. The observations noted above strong- 


ly suggest that malignancy usually either 
develops very early in rectal polyps or is 
present from the start. There is no evi- 
dence available from this study that 
benign adenomata of the rectum become 
malignant with the passage of time. 

10. The prompt removal of the majority 
of rectal polyps in this group of cases 
resulted in a 5 year cure without any 
major surgery in 13 of 14 patients with 
malignant rectal polyps. 


The authors are indebted to Dr. John G. Mateer, Chief, Division of Gastro-intestinal Diseases, 
Department of Medicine, Henry Ford Hospital, for his helpful suggestions and critical comments in 


preparing this paper. 
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ATTEMPTS TO INHIBIT RH ANTIBODY PRODUCTION IN RABBITS 


UsE OF ETHYLENE DISULPHONATE, SODIUM SALICYLATE, PYRIBENZAMINE, AND A 
AND B SPECIFIC BLOOD SUBSTANCES 


By F. Scuerer, M.D. 
FELLOW, DEPARTMENT OF OBSTETRICS AND GYNECOLOGY 
ROCHESTER, NEW YORK 


(From the University of Rochester School of Medicine and Dentistry) 


recently, erythroblastosis fetalis 
had been treated principally postpartum. 
The association of the presence of Rh anti- 
bodies in the maternal blood with the 
occurrence of erythroblastosis fetalis has 
led to attempts to abolish the antibodies 
in the pregnant woman, with the hope of 
preventing or decreasing the severity of 
the disease. Theoretically, maternal cir- 
culating antibodies could be decreased or 
abolished by (1) inhibition of the produc- 
tion of antibodies, (2) neutralization of 
the maternal circulating antibodies by a 
corresponding Rh hapten, (3) prevention 
by some other, so far unknown, means of 
the antigen-antibody combination from 
going to completion, or (4) removal of the 
circulating antibodies by some mechanical 
means such as plasmapheresis. This lat- 
ter principle is now being applied to the 
newborn fetus when an exsanguination 


transfusion is done. An approach to the . 


first possibility has been suggested by 
Wiener,‘ in which he proposes giving an 
antigen more potent than the Rh antigens 
and, thus by a competition of antigens, 
causing the antibody producing mechan- 
ism, whatever it may be, to produce the 
antibody corresponding to the antigen 
given instead of the Rh antibodies. Two 
chemotherapeutic approaches have been 
suggested, although it is not known by 
what means their proposed effectiveness 
in reducing circulating Rh antibodies 
occurs. One, as suggested by Homburger,! 
is the administration of sodium salicylate, 


along with Macaques rhesus cells, to rab- 
bits and guinea pigs, and so reduce the 
production of Rh antibodies in these 
animals) The other, as reported by 
Kariher and Miller, is the administration 
of ethylene disulphonate* at weekly inter- 
vals during pregnancy, thus causing a re- 
duction in Rh antibody levels instead of 
the usual continued rise up to term. 

The purpose of this paper is to report 
our attempts to inhibit or reduce Rh anti- 
body production in rabbits by the use of 
(1) ethylene disulphonate, (2) salicylates, 
in an attempt to duplicate Homburger’s 
experiment, (3) A and B specific blood 
substances,t in accordance with Wiener’s 
theory, and (4) Pyribenzamineft with the 
idea that histamine might be related to 
antibody production and, therefore, an 
antihistamine drug might reduce antibody 
production. 


Procedure. Variously colored healthy 
female rabbits were used with one exception 
in the ethylene disulphonate experiment 
where a male (Rabbit 2) was used. They 
were given 2 series of 3 daily intravenous 
injections of 1 ec. of 1:100 dilution of citrat- 
ed Macaques rhesus blood with an interval 
of 4 days between the series. The rhesus 
blood was taken from the same monkey 
for all but the coutrol experiment. Before 
the rhesus cell injections, and at certain 
intervals during the experiments, 5 ec. of 
blood were taken from the marginal ear 
veins by means of a cut with a razor blade. 
After centrifugation, the serum was removed 
and inactivated for 4 hour at 52° to 56° C. 


* The ethylene disulphonate (Allergosil Brand) was generously supplied by the Spicer-Gerhart 
Company, Pasadena, California, in 2 cc. sterile ampoules of a 1:10—"5 dilution in triple distilled water. 
+t Blood group specific substances A and B were generously supplied by Sharp & Dohme, Phila- 


delphia, Pennsylvania, as a sterile solution. 


t Pyribenzamine HCl was generously provided by the Ciba Pharmaceutical Products, Inc., Summit, 
New Jersey, as the dry sterile powder. This was dissolved in sterile water to make the 1% solution used. 


ither | 
oris | 
-evi- =f 
rome 
ority | 
pases 
| 
with 
eases, 
nts in 
Proc. 

5 
‘rans. 
Ann. 
Ybst., 

m. J. 
‘tum : 


34 SCHERER: ATVEMPTS ‘TO INHIBIT RH ANTIBODY 


Because most of the normal rabbits’ 
sera contained agglutinins and conglutinins 
against the ORh,RhoM test cells, the follow- 
ing technique for absorption of these un- 
wanted antibodies was used. One cc. of 
the inactivated serum was mixed with 5 ce. 
of packed ORh-M or ORh-MN red blood 
cells which had been washed 3 times with 
normal saline and packed in 15 ee. conical 
centrifuge tubes by centrifuging at approx- 
imately 2000 r.p.m. for 10 minutes. This 
serum-red blood cell mixture was allowed 
to stand at room temperature for 1 hour, 
during which it was mixed 4 to 5 times by 
inversion of the centrifuge tubes. The red 
blood cells were packed again and the ab- 
sorbed serum removed. Four persons of 
Types ORh-M or MN* were used as sources 
for the absorbing red blood cells. Two were 
used for the control experiment. At a later 
date, the same 2 plus 2 others were used, 
each for 1 of the other 4 experiments; so 
that in all but the control experiment, red 
blood cells from the same person were used 
for the absorptions in any 1 experiment. 
It was found that 3 ec. of packed red blood 
cells would completely absorb the anti-O, 
anti-M, and probably anti-human antibod- 
ies from some of the rabbit sera, but that 
some sera required 4 or 5 ec. to absorb these 
antibodies. Therefore, 5 ec. were chosen 
as the most satisfactory amount, and it 
proved to be so in all cases except Rabbits 8, 
7, and 8 in the ethylene disulphonate, A and 
B substances, and salicylate experiments 
respectively, where the conglutinin Rh anti- 
body persisted to a slight extent after the 
above absorption. Since the test cells used 
were of Group O, it was felt that the absorp- 
tion of anti-O and anti-human antibodies 
was essential. Anti-M antibodies were ab- 
sorbed because it has been shown that rhesus 
cells given to rabbits may cause the pro- 
duction of anti-M antibodies.’ 

Both agglutination and conglutination 
techniques were used in testing for the Rh 
antibodies. Three drops (each drop equals 
approximately 0.05 ce.) of the inactivated, 
absorbed serum were mixed in 60 by 10 mm. 
tubes with 1 drop of a 2% suspension of 
ORh,Rh.M red blood cells in saline or AB 
serum (for agglutination or conglutination 
respectively). The test red blood cells were 
always fresh and came from the same person 
throughout the experiments. After incuba- 
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tion at 42° C. for | hour and centrifugation 
at 500 r.p.m. for 1 to 2 minutes, the amount 
of agglutination or conglutination was mea- 
sured. Red blood cell clumping, easily 
visible macroscopically, was graded 4+. If 
this was not present, a drop of the mixture 
was removed with a glass rod to a slide and 
examined microscopically under low power 
for decreasing degrees of clumping classified 
as 3+, 2+,1+ and =, the latter being the 
least amount of clumping discernible micro- 
scopically. 

In the case of the A and B substances 
experiment and the A and B substances con- 
trol experiment, where the anti-A and anti-B 
titers were measured, the serum was inacti- 
vated and absorbed as above, except that in 
the A and B substances control experiment, 
ORh + M cells from a constant source were 
used. Serial dilutions of 1:2, 1:4, 1:8, ete., 
were then made with a pipette in 60 by 10 
mm. tubes, starting with 0.1 ec. of serum and 
0.1 ee. normal saline. To these saline dilu- 
tions was added 0.1 ce. of a fresh 2°; saline 
suspension of ARh-MN or BRh-MN red 
blood cells each from the same source 
throughout the experiments. The tubes 
were shaken and allowed to stand at room 
temperature for 1 hour, after which they were 
centrifuged at 500 r.p.m. and read macro- 
scopically and microscopically as in the Rh 
antibody tests. 

Control Experiment. Nine rabbits with 
average weights ranging from 6? to 932 Ibs. 


‘(average 8 lbs.) during the 64 days of the 


experiment were given rhesus cells as above 
on Days 1, 2, 3, 8, 9, 10. The occurrence of 
agglutinating and conglutinating antibodies 
was tested for on the 7th, 14th, 17th, 23rd, 
29th, 38th and 64th days. The results are 
recorded in Figures 1 and 2. 

Ethylene Disulphonate Experiment. Eight 
rabbits with average weights ranging from 7 
to 113 Ibs. (average 8} Ibs.) during the 38 
days of the experiment were given the rhesus 
cells on Days 1, 2, 3, 8, 9, 10. On every 
3rd day from Day 1 through Day 28, and 
on Days 31, 32, 34, 36, 38 they were given 
0.5 ec. of ethylene disulphonate (1:10-" 
dilution in sterile triple distilled water) 
intramuscularly into the hamstring muscles 
alternating between the right and left sides. 
In accordance with the instructions accom- 
panying the solution, no antiseptic was used, 
the shaved skin merely being wiped off with 


* Rh—means red blood cells giving no agglutination with anti-Rho serum. 
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dry sterile cotton, and the solution was 
rapidly drawn into the syringe without the 
needle, the needle then attached, and the 
solution promptly injected. Serum for the 
29th day test was drawn about 24 hours, 
and on the 38th day, about 2 to 3 hours 
after an ethylene disulphonate injection. 
Rabbits 2 and 7 were given no ethylene di- 
sulphonate after the 3lst day to determine 
whether the Rh antibody response of these 
2 would differ from that of the other 6 rab- 
bits who were receiving ethylene disulpho- 
nate at a frequency increased over that of 
the first 29 days. 
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Salicylate Experiment. Eight rabbits, with 
average weights ranging from 5} to 7} lbs. 
(average 6} lbs.) during the 26 days of the 
experiment, were given rhesus cells on Days 
4, 5, 6, 11, 12, 13. Then 0.5 gm. of sodium 
salicylate as 10 ce. of a 5% sterile aqueous 
solution* (slightly more than 0.16 gm./kg.) 
was given subcutaneously daily from Day 1 
through Day 18 (48 hours before the first 
sera for Rh antibody testing was obtained). 
This plan was adopted in an attempt to du- 
plicate the conditions of a similar experiment 
reported by Homburger.! Daily injections 
were then given from Days 20 to 26. Serum 
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Fie. 1.—* During this period, ethylene disulphonate was given to all except Rabbits 2 and 7. 
+ Pyribenzamine HCl was omitted on the 34th day; otherwise the injections were daily. 


Pyribenzamine Experiment. Six rabbits, 
with average weights ranging from 6} to 
Si lbs. (average 73 lbs.) during the 38 days of 
the experiment, were given the rhesus cells 
on Days 1, 2, 3, 8, 9, 10. Daily, except for 
the 34th day, they were given 10 mg. (ap- 
proximately 3 mg./kg.) of Pyribenzamine 
Clas 1 ce. of a 1% sterile aqueous solution 
subeutaneously. Serum for testing was 
taken approximately 24 hours after a Pyri- 
Senzamine injection. 
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salicylate levels were taken on Day 18, ap 
proximately 20 hours after the previous 
sodium salicylate injection, and on Day 22, 
approximately 1 to 2 hours after the previous 
sodium salicylate injection. 

A and B Specific Blood Substances Experi- 
ment. Seven rabbits, with average weights 
ranging from 6 to 8} lbs. (average 7 lbs.) dur- 
ing the 37 days of the experiment, were given 
rhesus cells on Days 1, 2, 3, 8,9, 10. On Days 
2 and 9 they were given 0.2 cc. of A and B 


* Eli Lilly and Co. 
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specific substances intravenously. Serum 
samples on Days 0, 29 and 37, were tested 
for Rh, anti-A and anti-B antibodies. 

A and B Specific Blood Substances Control 
Experiment. Three rabbits, with average 
weights ranging from 6 to 7? lbs. (average 
7% lbs.) during the 15 days of the experiment 
were given 0.2 cc. A and B specific substances 
intravenously on Days 1 and 7. Serum was 
drawn on Days 0, 7 (before the A and B 
-substances injection on that day), 11 and 15. 
It was inactivated, absorbed and titered as 
explained above. 


CONGLUTINATION 


Re RHESUS CELLS IV. 
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38th day. This was done in order to 
determine whether the substances under 
study would hasten or delay the peak of 
antibody response. 

It appears from these results that none 
of the tested substances appreciably re- 
duce or inhibit Rh antibody production. 
There are, in fact, higher incidences of Rh 
antibody occurrence in the ethylene di- 
sulphonate experiment on the 38th day, 
and, in the salicylate experiment, on the 
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Fic. 2.—* During this period, ethylene disulphonate was given to all except Rabbits 2 and 7. 
+ Pyribenzamine HCl was omitted on the 34th day; otherwise the injections were daily. 


Discussion. The experiments show that 
following the injection of Macaques rhesus 
cells, both agglutinating and conglutinat- 
ing Rh antibodies are formed in from 
66 to 100% (average 85%) of the rabbits. 
In the control experiment, the highest 
incidence of the occurrence of Rh anti- 
bodies seems to be around the 29th day 
after the first rhesus cell injection, and 
it is for this reason that this day was 
chosen in the other experiments to test 
for Rh antibodies. In addition, in these 
experiments, the sera were tested on the 


17th day than in the control experiment. 
These differences might be due to the fact 
that a different monkey’s blood was used 
in the control experiment than in the 
ethylene disulphonate and salicylate ex- 
periments. 

The failure of these substances, as used 
in these experiments, to reduce or inhibit 
Rh antibody production in rabbits does 
not necessarily mean that they will not 
be effective in humans. In fact, ethylene 
disulphonate seems to have had an effect 
in the 3 pregnancy cases reported by 
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Kariher and Miller, although it is made 
clear that those cases are only a pre- 
liminary report. Although we have at- 
tempted to duplicate the experimental 
conditions of Homburger’s! work, our 
results indicate no inhibition or reduction 
of Rh antibody production by sodium 
salicylate and so are contradictory to his 
results. Tt can only be said that Pyriben- 
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the 2nd injection, on the 7th day, there 
seems to be no further rise, at least during 
the next 8 days. These 15th day anti-A 
titers of the control rabbits seem to be 
about the same as the 29th and 37th day 
titers of the rabbits which had also been 
given the Rh antigen. It is concluded, 
therefore, that the rabbits given rhesus 
cells, in addition to the A and B sub- 


B TITERS 


@-4+ @-3+ Ore AGG- 
LUTINATION 


29 37 


EACH RABBIT 


RABBIT 


Fic. 3.— On this day the A and B specific substances were given after the sera for the titers were taken. 
” Insufficient sera for this titer. 


zamine exerts no inhibitory effect on Rh 
antibody production in rabbits, under the 
conditions of this experiment. It has in 
‘he past been reported to have no effect 
‘1 reducing precipitin titers in vitro or 
complement titers in vivo. 

From Figure 3 it can be seen that after 
' injection of 0.2 ce. A and B substances 
‘itravenously, the anti-A titers of the con- 
trol rabbits rose by the 7th day. After 


stances, produced a rise in their anti-A 
titers, and that that rise is approximately 
the same as that occurring in control 
rabbits given only A and B substances. 
It is worthy to note that there was not 
only a significant rise in the total anti-A 
titers but also in the amount of 4+ ag- 
glutination. In neither the control nor 
experimental rabbits was there any ap- 
preciable rise in anti-B titers. 
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Assuming that the human blood Group 
A antigen in the A and B specific sub- 
stances is a potent antigen, and that it is 
a more potent one than the Rh antigen 
on the rhesus cells, the appearance of Rh 
antibodies in these rabbits, similar to 
those of the Rh control rabbits, would not 
seem to lend support to Wiener’s theory 
of competition of antigens.4 In 1 case 
mentioned by Kariher and Miller,? admin- 
istration of A and B specific substances at 
weekly intervals during the last 6 months 
of pregnancy had no effect on the course 
of Rh antibody production, with the 
result that an infant was born which died 
of hemolytic disease of the newborn. 

Sera from 2 of the Pyribenzamine rab- 
bits (No. 1 and 6) were tested with ORho)M 
cells and found to give identical agglutina- 
tion as with ORh,Rh.M test cells. Due 
to the rarity of rh’ and rh” cells, we were 
unable to test the sera for anti-rh’ and 
anti-rh” antibodies. From this, it can 
only be concluded that these rabbits pro- 
duce at least anti-Rho antibodies. 

Many of the sera were titered using 
saline and AB serum dilutions of the rab- 
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bit sera for agglutinating and conglutinat- 
ing titers respectively. It was found that, 
with but 2 exceptions, all of the sera did 
not titer past the 1:1 dilution using the 
agglutination technique. Two sera titered 
to a 1:2 dilution. Using the conglutina- 
tion technique, however, many of the sera 
titered to 1:4 or 1:8 and one as high as 
1:32. 

In the salicylate experiment, no free 
salicyl radical was demonstrable in the 
sera 20 hours after an injection of sodium 
salicylate. However, between 1 to 2 
hours after a salicylate injection, levels 
ranging from 36 to 44.8 mg. % were ob- 
tained in all 8 rabbits.* 

Summary. |. A method is presented 
for producing Kh agglutinating and con- 
glutinating antibodies fairly consistently 
in rabbits. 

2. Under the conditions of these experi- 
ments, no effect in reducing or inhibiting 
Rh antibody production in rabbits could 
be demonstrated by the administration of 
(1) ethylene disulphonate, (2) sodium 
salicylate, (3) Pyribenzamine HC] or (4) 
A and B specific blood substances. 


I am deeply indebted to Dr. Donald H. Kariher for his supervision and guidance throughout these 
experiments, and for enabling me to use his laboratory facilities. 
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The results have been reviewed by a statistical consultant, Dr. James A. Rafferty, and he states 


that using the Binomial Law, and testing the Null Hypotheses between each of the experimental group= 
and the control group, no comparison of the number of rabbits producing no Rh antibodies exceeds 


the 20% Level of Significance. 


Furthermore, in every comparison the sample size is large enough to 


detect a total inhibition of Rh antibodies with better than a 95% certainty. 
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VARIATION IN THE PROTHROMBIN TEST TECHNIQUE 
By Ben Fisuer, B.S. (Mep.)* 


STUDENT ASSISTANT IN PATHOLOGY 
CHICAGO, ILLINOIS 


(From the Department of Medicine, University of Illinois College of Medicine) 


THE recent literature places a great deal 
of emphasis on the many variations in 
performing the prothrombin test. It is 
quite evident that these variations in prac- 
tice lead to much confusion in the inter- 
pretation of the results obtained, and in 
the guidance of dicoumarol (3,3’-methyl- 
enebis-4-hydroxycoumarin) therapy. The 
errors introduced by the use of whole 
hlood “rapid. tests” and diluted plasma 
have been discussed in a previous com- 
munication.® 

Recently, Martin et alt reported the 
differences produced by variations in the 
order of mixing the reagents. One of 2 
procedures is usually followed: in Quick’s 
method,’ 0.1 ce. of whole plasma is mixed 
with 0.1 ec. of thromboplastin emulsion 
and then 0.1 ec. of 0.025 M CaCl: is added; 
in the Link*-Shapiro® methods, the throm- 
boplastin and calcium are premixed and 
the plasma is added to this mixture of 
reagents. Using Brambel’s modification! 
of the Quick method, Martin and his co- 
workers found that addition of the plasma 
to the premixed calcium-thromboplastin 
solution produced shorter plasma clotting 
times than when plasma and thromboplas- 
tin were first mixed, and the CaCl. added 
later. Brambel’s modification uses whole 
plasma diluted to 12.5% with 0.9% NaCl 
solution. 

This variation in methods was studied 
in our laboratory in conjunction with other 
experiments on the prothrombin test. 

EXPERIMENTAL Work. A series of 10 
“normal” patients, free from hepatic or 
cholecystic disease or blood dyscrasias, 
was studied. Difco thromboplastin (ace- 
ione—dehydrated rabbit brain) was used 
in these tests. Using whole plasma, pro- 
thrombin times were performed by the 


method of Quick and by the Link modifi- 
cation (see above). Each plasma was 
diluted with 0.9% saline solution to pro- 
vide plasma concentrations of 100, 50, 
40, 30, 20 and 10%; 3 determinations, by 
each method, were carried out at each 
dilution. The 3 values were then averaged 
and the resulting hyperbolic curves were 
plotted for each plasma. A composite 
curve of the 30 determinations by each 
method is shown in Figure 1. The mean 
standard deviation for each dilution was 
calculated, and also the standard devia- 
tion of the differences of the means, using 
the formule: 

(x) 


N and 


(mean standard deviation) ¢ = \ 


(standard deviation of difference of the means) 
2 2 
Nit 


These results are indicated in Table 1. 

Results. As seen in the composite 
curves (Fig. 1), prothrombin times with 
whole plasma (100% concentration) and 
in dilutions to 30% were shorter by 
Quick’s method than by the Link modifi- 
cation. At plasma concentrations of 10 
to 20%, the clotting occurred more quickly 
by the Link method. 

In each case, a peculiar effect occurred 
between the dilutions of 20 and 30%; the 
curves crossed each other. So far, no 
explanation can be offered for this phe- 
nomenon. However, it is most interesting 
that this occurred in each plasma sample. 
Since both methods used diluted plasma 
this “crossing point,” the possibility of 
dilution of “antiprothrombins” in either 
method can be excluded. 

From the computation of the standard 
deviations (Table 1), it may be seen that 
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there is a much smaller standard devia- 
tion by Quick’s method than by the Link- 
Shapiro technique. At all points on the 
curves, except 1 (20%), the difference in 
values between the 2 procedures is greater 
than 3 times the standard deviation of the 
differences of the means. This indicates 
that the difference in these 2 methods is 


statistically significant, since they are 
greater than 3 times the standard devia- 
tion of the difference of the means. The 
actual standard deviation at each plasma 
dilution is shown to be less with the 
method of Quick. The plasma clotting 
times were more rapid between 100 and 
30% by Quick’s method, but were more 


TABLE 1.—CoMPARISON OF THE STANDARD DeviaTION BY THE METHODS oF QUICK AND LINK 


Standard deviation of the difference 


Quick Link of the means 
(%) Av. (sec.) S.D.* Av. (see.) Diff. (see.) S.D.pt 3 X S.D.p 
10 . +5 .3 5S 4 15s +1 .93 +5 .79 
20 . +3.8 35.6 +4 4 9 +1 OS +3 .24 
30 : .1 +2.9 28 .4 +4 0 +().29 +0 87 
10 22.1 +2.0 25.3 +3.6 3.2 +0 75 
50 19.0 +1.6 23.2 4.2 +0 61 
100 14 4 +0 9 19.9 +29 5.5 +0) 18 +0 54 
* S.D. = standard deviation. . 
7 S.Dp = standard deviation of the difference of the means. 
100}- 
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Fic. 1.- 


statistically significant, and that one pro- 
cedure cannot be substituted for the other. 

Summary. Two variations in the pro- 
thrombin test technique have been dis- 
cussed, and a laboratory study and com- 
parison of these methods is presented. A 
statistical study of the results has been 
made and shows that the differences in 
values obtained by the two methods are 


Composite curves of a study on ten patients. 


rapid between 10 and 20% by the Link 
modification. 

As shown by the increasing standard 
deviation with the increased dilution of 
the plasma, by either method, the value 
of using diluted plasma (especially saline 
dilutions) in the prothrombin test js 
doubtful. 


The author wishes to express his appreciation to Dr. Jules H. Last, for his interest and assistance 
in this work. 
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A STUDY OF THE MECHANISM AND TREATMENT OF EXPERIMENTAL 
HEAT PYREXIA* 


By M. Dairy, M.D. 
RESIDENT PHYSICIAN, VETERANS ADMINISTRATION HOSPITAL 
AND 
Tinstey R. Harrison, M.D. 
PROFESSOR OF MEDICINE, SOUTHWESTERN MEDICAL COLLEGE 
DALLAS, TEXAS 


(From the Department of Medicine of Southwestern Medical College) 


THE victims of excessive environmental 
temperature develop 1 of 3 fairly well 
defined clinical states: (a) heat exhaustion 
(heat prostration) characterized by little, 
if any, elevation of rectal temperature, 
normal or reduced skin temperature, pro- 
fuse sweating, and syncopal symptoms; 
(b) heat cramps, characterized by painful 
spasms of skeletal muscles, diminished 
concentration of sodium and chloride in 
the blood,'* relieved by administration of 
salt water; and (c) heat pyrexia (heat- 
stroke). It is believed that the term 
“heat pyrexia” (as employed by Talbott'*) 
is more descriptive and, hence, more desir- 
able than “heatstroke,” “sunstroke,”’ ete. 
In this communication the terms are used 
synonymously. Victims of heat pyrexia 
present a striking clinical picture, with 
marked elevation of body temperature, 
often as high as 110° F., prolonged coma, 
hot, dry, flushed skin, a bounding pulse, 
convulsions, petechix, and often a fatal 
termination in vascular collapse, some- 
times associated with pulmonary edema. 
Dissatisfaction with the results of treat- 
ment of this malignant disorder led to a 
review of available literature, and to the 
experimental study herein described. 

REVIEW OF THE LITERATURE. From 
the literature, it is apparent that many 
fundamental facts of etiology, pathogen- 
esis, pathologic physiology and principles 
of treatment are well established. It is 
also apparent that there are gaps in this 
knowledge, bridged—in lieu of controlled 
research—by empiricism. This informa- 
tion may be summarized as follows: 

1. Heat pyrexia occurs under environ- 
mental conditions which strain the heat 


dissipating mechanisms to the utmost. In 
the normal subject, thermostasis is achiev- 
ed by a delicate balance between chemical 
heat production and physical heat loss. 
For the production of heat pyrexia, an en- 
vironmental temperature exceeding body 
temperature—permitting heat loss only 
by evaporation—has been found by all 
observers whose reports have come to our 
attention. Willcox,!* Morton,'® Borden et 
al.,4 and others have stressed the etiologic 
importance of high relative humidity and 
high wet-bulb thermometer readings, con- 
ditions rendering heat loss by evaporation 
difficult. Besides such an environment, 
the outstanding predisposing factors are 
age and alcoholism. The analyses of 
Gauss and Meyer,® and Ferris et al.® sug- 
gest that it is acute alcoholism, per se, 
whether in the chronic alcoholic or not, 
which predisposes to heat pyrexia; that 
the chronic alcoholic is most susceptible 
during his debauch. 

2. In an environment which prohibits 
heat loss except by evaporation, heat pyrexia 
is induced in man by a cessation of sweating. 
In an able clinical study, Ferris, Blanken- 
horn, Robinson and Cullen® obtained a 
history of cessation of sweating shortly 
before the onset of heatstroke in 17 of 
44 patients observed during 2 heat waves 
in 1938. Furthermore, absence of sweat- 
ing was observed in all 44 patients on 
admission. Absence of sweating has also 
been reported in the analysis of Gauss 
and Meyer.* The clinical picture, typi- 
cally of a hot, dry skin, is entirely in 
accord with these explanations. The 
available evidence® indicates that acidosis, 
circulatory failure, increase in metabolic 


* Aided by a grant from the Life Insurance Fund. 


I 
I 
‘ 
‘ 
I 
‘ 
‘ 
‘ 
] 
| 
| 
A 


DAILY, HARRISON: EXPERIMENTAL HEAT PYREXIA 43 


rate, etc., are effects rather than causes 
of the hyperpyrexia. 

Once sweating has ceased, the develop- 
ment of hyperpyrexia is inevitable. Heat 
loss can then occur only through insensible 
water loss. It has been shown by Hardy 
and Muschenheim,! that as a near-perfect 
“black-body radiator,’ the body absorbs 
radiant heat at high external temperatures 
as readily as it radiates heat at lower 
temperatures. Cutaneous vasodilatation 
and increased skin flow serve to carry 
heat rapidly from the skin to deep tissues. 
As hyperpyrexia develops, as a secondary 
effect of heat on cellular oxidative proc- 
esses, heat production increases. Thus, 
indeed a vicious cycle of absorption of 
radiant heat—increased skin flow—in- 
creased production is instituted. 

3. In heat pyrexia there is widespread, 
probably generalized, cellular damage of 
severe degree. Damage to the cells of the 
central nervous system is evident in the 
coma and convulsions which characterize 
the disorder, and in the psychic disturb- 
ances of the recovery phase. Logue and 
Hanson" reported electroencephalographic 
abnormalities of 3 months duration in a 
patient with heatstroke. They also de- 
scribed electrocardiographic evidence of 
myocardial injury, disappearing after 3 
months. Damage to the liver cell, as evi- 
denced by jaundice'**! and_ prolonged 
prothrombin times,’ have been reported. 
The urinary findings are those of a severe 
febrile nephrosis. Endothelial damage, as 
evidenced by hemorrhages into the skin, 
brain, lung, gastrointestinal tract and 
endocardium, has often been reported, 
and was the subject of a special study by 
Wright, Reppert and Cuttino,” who 
found that capillary bleeding antedates 
any demonstrable alteration in the blood- 
clotting mechanism. Studies of autopsy 
material’ show morphologic evidence of 
generalized cellular damage. 

4. A state of acute circulatory failure 
regularly complicates severe cases of heat 
pyrexia. Hartman" produced fatal heat- 
stroke in dogs for study of the pathology 
of heatstroke. He reported that all dogs 


who did not die immediately died subse- 
quently of vascular collapse. Kopp and 
Solomon” reported 8 cases of severe shock 
in patients who apparently developed heat- 
stroke in the Kettering hypertherm. 
Ferris et al.° found the blood pressure at 
shock levels in 7 of 34 of their patients. 
They emphasized that shock is not im- 
portant in the pathogenesis of hyper- 
pyrexia, but their data suggest that it is 
a grave complication. In the case reported 
by Logue and Hanson" the blood pressure 
was “unobtainable.” 

5. The mechanism of this vascular col- 
lapse has not been established. The avail- 
able data suggest several mechanisms: 

(a) The shock may be hematogenic, 
due to extravasation of plasma, with re- 
duction of circulating blood volume. At 
skin temperatures of 42° C., capillary 
pressure has been measured by Landis,” 
by capillary puncture, and found to exceed 
the normal by approximately 100%. 
Blood flow through a part is increased by 
elevating the temperature of the part,'” 
and fluid transudation is actually in- 
creased.'* Flinn and Scott’ found evidence 
of hemoconcentration in dogs subjected 
by hot environment to a degree of hyper- 
pyrexia which was less than that requir- 
ed to produce heatstroke. Kopp and 
Solomon” studied the blood volume in 
patients who developed shock during 
therapeutic hyperpyrexia. By the Evans 
dye method, these patients in shock were 
all found to have reduction in blood 
volume of 10 to 32%. On the other hand, 
Talbott et al.,!® and Ferris et al.6 reported 
that serum protein and hematocrit stud- 
ies indicated that hemoconcentration was 
either absent entirely or present to a less 
degree in patients with heatstroke than in 
patients with severe heat cramps. 

(b) The shock may be related to, or 
caused by, chemical changes in the blood. 
Flinn and Scott’? reported that unanes- 
thetized dogs, whose temperature was 
raised to 41.5° C. by external heat, ex- 
hibited a very rapid fall in plasma CO, 
content, to about 25 to 30 volumes per 
100 ml., together with alkalosis, the blood 
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pH rising from 7.55 to about 7.80. Hall 
and Wakefield? found that in dogs sub- 
jected to heatstroke, the plasma CO, 
combining power fell markedly, but so 
did the blood pH. Associated with this 
acidosis there was marked accumulation 
of lactic acid in the blood. These differ- 
ing findings are not necessarily incompati- 
ble, for in the early stages of hyperpyrexia 
in the dog, it is reasonable to expect an 
alkalosis due to hyperventilation and 
acapnea. In the latter stages this might 
be overbalanced by the accumulation of 
fixed acids (e. g., lactic) producing acidosis. 
Bazett® observed in man that hot baths, 
which elevated the body temperature to 
40° C., produced a lowering of alveolar 
CO,. Tetany was frequently produced. 
Adolph and Fulton' reported the produc- 
tion in man, by artificial fever, of a slight 
increase in blood pH, together with a 
slight decrease in blood CO, content. We 
have found no reports in man of changes 
in blood pH or CO, content comparable 
in magnitude to those found in the dog. 
This is not surprising, considering the dif- 
ference in the heat dissipating mechanism 
of the 2 species. Ferris et al.6 found values 
of serum electrolytes in heatstroke patients 
on both sides of normal, but never grossly 
abnormal; blood CO. content was lowered, 
but never enough to produce coma or 
shock. It seems apparent that in man— 
unlike the dog—the chemical changes in 
the blood thus far observed are inconse- 
quential in magnitude. 

(c) The vascular collapse may be due 
to heart failure. An asphyxial form of 
heatstroke, with cyanosis and venous dis- 
tention was described by Osler, and is 
mentioned in several textbooks. Pulmo- 
nary edema was said to have been a com- 
mon terminal event in fatal cases reported 
by Willcox.’ Ferris et al., however, found 
pulmonary edema in only 1 of 44 patients, 
and no cases with markedly elevated ven- 
ous pressure. Pulmonary edema has been 
found in dogs dying of experimental heat- 
stroke.* Wilson®® reported subendocardial 
hemorrhages involving the left ventricle 
and interventricular septum in 4 cases 


coming to autopsy. Borden et al.‘ reported 
similar postmortem findings in 3 cases. 

(d) The shock may be due to a general- 
ized dilatation and atony of arterioles and 
capillaries. This is the familiar mechan- 
ism of the neurogenic or vasogenic type 
of peripheral circulatory failure, in which 
peripheral pooling of blood prevents ade- 
quate venous return and cardiac output. 
Bazett? discussed the reasons for believing 
that in acute exposures to excessive heat 
a cutaneous vasodilatation must be com- 
pensated by a splanchnic vasoconstric- 
tion. It would seem not unlikely that the 
vasomotor centers, suffering the thermal 
damage to which the entire central ner- 
vous system is particularly susceptible, 
might fail to effect this compensation. It 
is also possible that the splanchnic vessels 
dilate as a result of the direct stimulus of 
heat or of acid metabolites. Wright et al.! 
described clinical evidence of capillary 
atony in their case. 

6. Rapid reduction of hyperpyrexia is of 
paramount importance in therapy. There 
are, however, 2 schools of thought as to 
the optimum method of achieving this 
reduction. 

(a) A prevailing opinion indicates that 
the hyperpyrexia is most quickly and 
safely reduced by evaporative means. 
After the patient is wrapped in a wet 
sheet, several electric fans are played on 
him while his skin is massaged through the 
sheets, which are kept wet. Such therapy 
is recommended by Christian,> Meakins," 
Yater,” and Barr.2 This therapy is said 
to be preferable to the ice-bath, because: 
(1) the evaporation of 1 gm. of water re- 
moved 7 times as much heat as the melting 
of 1 gm. of ice, and (2) the ice-bath is 
said?" to cause cutaneous vasoconstric- 
tion, and thereby actually to interfere 
with heat loss. The ice-bath is also said?! 
to place the patient in danger of “col- 
lapse.” We are aware of no experimental 
evidence, and no controlled clinical studies, 
to support either of these objections to 
the ice-water bath. 

(b) Cooling of patients by ice-water 
bath was found efficacious by Ferris et al.* 
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in reducing the hyperpyrexia in 25 pa- 
tients with severe heatstroke. It was 
possible to effect a reduction to 102° F., 
or below, in from 9 to 40 minutes in all 
cases. Untoward effects were observed in 
1 patient, cooled to 99° F. before removal 
from the ice-water, in that the tempera- 
ture subsequently fell to 96° F. and the 
patient then developed vascular collapse 
and died. In their other patients the ice- 
water bath did not produce shock or skin 
pallor. On the contrary, the effect on 
consciousness and blood pressure was salu- 
tary. The temperature of 8 mildly ill 
patients (conscious, temperature not over 
106° F.) was reduced by sheets and fans. 
but by contrast hyperpyrexia of 2 severel;- 
ill patients could not be reduced by this 
method. Gauss and Meyer‘ also reported 
prompt reduction of hyperpyrexia by ice- 
tubbing, with a tendency toward exces- 
sive cooling, and the production of sub- 
normal temperatures. The iced-water 
tub bath was recommended by Talbot'* 
for severe heat pyrexia. 

From this review of the literature it 
would seem apparent that there are at 
least 3 important unsolved problems rela- 
tive to heatstroke: 

1. What are the mechanisms of the 
circulatory collapse which complicates 
stroke? Is it cardiac or peripheral? 
Obviously, rational treatment must de- 
pend upon an understanding of the type 
of failure present. 

2. What is the most effective means of 
reducing the hyperpyrexia? 

3. Why do the patients stop sweating? 

Since it is difficult or impossible to 
study these questions under controlled 
conditions in man, animals have been 
utilized in the present study, in an at- 
tempt to answer the first 2 of these ques- 
tions. Since the commonly available 
laboratory animals do not have a sweating 
mechanism comparable to that of man, 
no attempt has been made to answer the 
third question. 


Experimental Studies. Heat pyrexia was 
produced in dogs, rats and mice by placing 
them in a box heated by electric light bulbs, 


with a thermostat included in the electric 
circuit. Thermometers extended into the 
box through holes in the top, and for smaller 
animal work were also placed near the floor 
of the box. An electric fan inside the box 
at one end provided constant air movement 
to minimize stratification of air in tempera- 
ture levels. The fan played on soaked towels, 
to provide a high and fairly constant degree 
of humidity. 

The animals, when placed in the heat 
chamber at 45° to 50° C., rapidly developed 
a severe, and often fatal, hyperpyrexia. As 
their body temperatures mounted, unanes- 
thetized mice and rats went through char- 
acteristic changes in appearance and be- 
havior which were closely comparable in 
the 2 species. At temperatures up to about 
40.5° C. (105° F.) the animals showed a 
markedly flushed skin and increasing excite- 
ment. Above this level, and up to about 
42° C. (108° F.), they were less active and 
their movements poorly coérdinated. Often 
they waddled. Hyperpnea was extreme. 
The skin was violently flushed and petechie 
appeared, especially in the ears. At about 
43° C. (110° F.) they exhibited convulsions 
followed by coma. In the mouse these con- 
vulsions were usually abrupt in onset. They 
were clonic seizures and were often associ- 
ated with an erect, stiff, pointed tail. Unless 
the hyperpyrexia was quickly terminated 
the animals then died. The flush of the skin 
usually gave way to an ashen gray pallor. 
If the animals had remained conscious up 
to the time of this color change, with it they 
became comatose, flaccid, with depressed 
respiration—a picture of extreme vascular 
collapse. 

Only anesthetized dogs were heated. 
With increasing hyperpyrexia they, too, 
showed red, hot skin, hyperpnea, and finally 
vascular collapse and body temperatures of 
42° to 44°C, 

Aside from the alterations in sweating the 
clinical picture seen in these animals cor- 
responds closely to that observed in man. 

The reduction of hyperpyrexia was studied 
chiefly in white albino rats. Each rat was 
heated in the chamber up to the point of 
coma, when it was quickly removed. An 
ordinary laboratory thermometer of free-fall 
type was then inserted through the rectum 
into the colon so deeply that the bulb lay 
near the splenic flexure against the dia- 
phragm. After the initial temperature read- 
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Fic. 1.—Graphs of temperature fall in rats subjected to heatstroke, then cooled by iced-water bathing, 
by evaporation, and by air at room temperature. The hatched areas, through which the mean curves run, 
show the extremes of the temperature curves in each group. 
to reduce body temperature to normal was approximately half that required by evaporative cooling. 


Time in Minutes 


The mean time required by the iced bath 


Fic. 2.—Chart showing the number of survivors (white) and the number of deaths (black) in mice 
subjected to heatstroke, then treated by cooling in the iced bath, by evaporative means, or by room air. 
Each experiment clearly showed the favorable effect on survival of the rapid reduction of temperature 
produced by the iced bath. 
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Fie. 3.—Chart' showing changes in cardiac output with increasing pyrexia. The dots show actual 
determinations: the curved line the apparent change. Also shown are mean blood pressure changes. 
The extremes in 10 dogs, and the average, are shown. The fall in blood pressure precedes the fall in 
cardiac output. 
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Fie. 4.—Chart showing changes in oxygen consumption with increasing pyrexia. Oxygen consump- 
tion rises in a linear fashion with body temperature until circulatory failure occurs. Then, despite 
continued great need because of sustained pyrexia, oxygen consumption falls sharply. The decline 
in oxygen consumption is an index of circulatory failure. Each symbol represents a different dog. 
One dog died suddenly of respiratory failure without prior evidence of circulatory failure; all others 
showed profound circulatory failure before death by respiratory failure. 
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ing, 43° to 44° C. (109° to 111° F.), they 
were cooled in 1 of 3 ways. In a control 
group the temperature was allowed to fall 
spontaneously at room temperature of 26° C. 
A second group was soaked with cold tap 
water, and then placed directly in the blast 
of a powerful, 16 inch electric fan. A third 
group was immersed, except for the head, 
in ice water. The results are shown in 
Figure 1. It will be noted that without over- 
lapping in temperature curves, the rate of 
temperature reduction in the animals cooled 
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ered the temperature to 38° C. in less than 
one-half the time required by the fan. 
Similar results, indicating much more rapid 
reduction of hyperthermia by the ice bath 
than by evaporative cooling, were obtained 
in 2 pairs of dogs, each pair of comparable 
weight. In both rats and dogs, either the 
evaporative or the ice-bath cooling, but par- 
ticularly the latter, tended to produce 
marked hypothermia. 

2. Survival of mice heated to the convul- 
sive endpoint and cooled either by the ice 


The changes in body temperature, arterial 
blood pressure, and cardiac output are 


diagrammatic and represent average changes. 


Changes tn arteriovenous oxygen differences 
in hepatic vein and cutaneous vein blood 
arethe findings of one experiment. These 
changes are typical but somewhat more 


marked than in other experiments. 


lic. 5.— Diagram of observed circulatory changes during progressive heat pyrexia in dogs. Period 1, 


control. 


Period 2, moderate pyrexia, early ‘‘red’’ stage. 


Period 3, severe pyrexia, ‘‘red’’ stage; the 


difference between arterial and skin venous blood oxygen is small, while the A—V difference in hepatic 


vein blood is large. 


by evaporation greatly exceeded that of the 
air-cooled animals, while the most precipi- 
tous reduction of all occurred in the animals 
cooled in the ice bath. The curves of 2 rats 
whose temperatures went to 44.5° C. 
(112° F.) before coma developed, and who 
immediately manifested severe vascular col- 
lapse, apparently of equal degree, are not 
included in Figure 1. One was cooled by 
evaporation, the other by the ice bath. 
The temperature curves, although both of 
more gentle slope, showed that in these ani- 
mals in vascular collapse the ice bath low- 


Period 4, gray stage; there is a tendency toward reversal of the A-V differences 
noted in the preceding stage, indicating a difference in blood distribution. 
late ‘‘gray”’ stage, with profound circulatory failure. 


Period 5, terminal state, 


bath, or by the wetting and fanning tech- 
nique, was compared with that of mice cooled 
spontaneously at room temperature. The 
mice, individually, were placed in the heat 
chamber in small cages, about 5 minutes 
apart. Each was removed when he began 
to exhibit involuntary movements. Every 
third animal removed from the chamber was 
in turn ice-bath cooled, evaporatively cooled, 
or simply allowed to cool spontaneously at 
room temperature. The few animals which 
died in the first 3 minutes after removal 
were discarded from the series. Because of 
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the impracticability of taking rectal tem- periment. Oxygen consumption was meas- 
peratures on mice during convulsions, it ured by a Benedict-Roth basal metabolism 
was decided to fan each of the wetted ani- machine attached to a cannula secured into 
mals for 2 minutes, and: to keep the ice- the trachea. The cardiac end of the left 
bathed ones in the bath for 30 seconds. carotid artery was used for recording mean 
The effect of the ice bath was powerfully blood pressure through a mercury manom- 
sedative on the mice. They became quiet eter. The cephalic end of the same artery 
and somnolent within a few seconds. To was used for obtaining arterial blood sam- 
minimize the severe hypothermia’ produced ples. Through a long, metallic cannula in- 
by these methods, the mice were then placed  serted through the right external jugular 
in a water bath at 37° C. for 2 minutes. vein, blood samples were drawn from the 
After this they were placed in cages at room jugular vein, right atrium, or hepatic vein. 


Time im Minuies After Start of infusion 


Fic. 6.—Curves of venous pressure in rats following a massive infusion, 65 ml./kg. of normal saline 
in 1 minute. The dotted lines are the curves obtained from rats at a normal body temperature. After 
an initial marked rise, their venous pressures fell to normal and remained there. The solid lines are 
the curves of rats infused during marked pyrexia. Falling almost back to normal after the infusion, 
the venous pressures rose again. This secondary rise was accompanied by falling arterial pressure, and 
continued until the animal's death in congestive heart failure. At the bottom of the chart the hatched 
area includes the venous pressure curves of rats in extreme pyrexia, but not infused. As in the dog, 
these venous pressure curves are flat. 


temperature and observed for survival. The With large dogs it was not difficult to manip- 
results (Fig. 2) show that only 1 of 28 con- ulate this cannula from the hepatic vein to 
trols survived more than 24 hours; that 4 the right atrium and back during an experi- 
of 27 evaporatively-cooled animals survived ment. Blood samples of 5 to 10 ml., col- 
a like period; while 16 of 28 ice-bathed ani- lected anaérobically, were replaced with an 
mals survived. equal volume of saline. 

The mechanism of circulatory collapse Venous pressure was measured directly 
was studied in mongrel dogs, anesthetized by a saline manometer, equilibrated by free 
either with morphine or sodium pentobarbi- flow through the metal cannula with the 
‘al, and subjected to heatstroke. The head blood. The zero point was taken as the 
f the dog was allowed to project from the level of the right auricle, which was deter- 
‘hamber for convenience in attaching and mined at autopsy. Blood oxygen determina- 
manipulating cannule throughout each ex- tions were made by the Van Slyke-Neill 
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method. The body temperature was meas- 
ured by an ordinary clinical thermometer in 
the rectum. 

The clinical picture of the dogs in heat- 
stroke could be correlated with changes in 
circulatory dynamics. As hyperthermia de- 
veloped in the dog, the skin became a bright 
pink, as in rats and mice. After vascular 


collapse set in there was a definite change 
through a dusky red to a pallid gray. The 
gray stage was more prolonged in the dog 
The skin of only 


than in smaller animals. 


sure in all dogs were essentially flat, for 
significant change was not observed, In 
no case was circulatory failure attended by 
a rising venous pressure unless massive 
saline infusions were given. The mean ven- 
ous pressure before hyperthermia was in- 
duced was —1 to +3.5 em. of water in 
10 dogs. The maximum deviation from 
this value was about 4 cm. of water. 

Mean arterial pressure changes were ob- 
served in 13 dogs. As seen in Figure 3, in 
the early stages of hyperpyrexia the arterial 
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Fie. 7.—Chart showing survival rates of mice in heatstroke, injected with saline fluids. 
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of 0.5 ml., neither 0.6% nor 0.9% saline produced a significant increase in survival rate over that of 


uninjected controls. 


dosage. 


1 dog was noted to remain pink until death. 
Beginning at body temperatures of 38° C. 
(100° F.), to 40° C. (104° F.), depending 
on the depth of anesthesia, hyperpnea be- 
came progressively more extreme. Impend- 
ing death was indicated by diminution in 
the vigor of respiratory effort. Death by 
respiratory failure occurred in all dogs 
except one. 

Pressure in the right atrium, or in the 
major veins within the thorax, was fre- 
quently determined in 10 dogs during all 
stages of heatstroke. Curves of venous pres- 


B and C, Mice receiving saline in doses of 1 ml. and 3 ml. survived longer than 
controls. D, Mice injected with 6 ml. of 0.9% saline showed no benefit, and probably harm, from this 
No difference in favor of either 0.6% or 0.9% ‘saline solutions is apparent. 


pressure tended to remain near the basal 
level. With increasing hyperthermia the 
pressure fell gradually. With severe heat- 
stroke, and particularly in the gray stage, 
hypotension became extreme. 

Cardiac output, as measured by the Fick 
principle, using venous blood from the right 
atrium, was determined in various stages of 
hyperthermia in 4 dogs. The results are 
summarized in Figure 3. It will be noted 
that cardiac output approximately doubles 
as the temperature rises from 37° to 42° C. 
Bevond that temperature it declines sharply. 
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Oxygen consumption, as shown in Figure 4, 
was found to rise in a roughly linear fashion 
with rising body temperature. At tempera- 
tures of 42.4° to 44° C. (108.5° to 111° F.) 
oxygen consumption began to decline sharply 
despite sustained or rising hyperthermia. 
Such a fall could only mean marked tissue 
anoxia. Because it is coupled with severe 
hypotension and low cardiac output, this 
decline in oxygen consumption, in the face 
of sustained high oxygen need, may be con- 
sidered another manifestation of circulatory 
failure, and an index of its severity. 

Oxygen content of arterial blood, and of 
venous blood from the right atrium, was 
determined for calculation of the cardiac 
output. In addition, the difference between 
arterial blood oxygen, and the oxygen of 
blood drawn from superficial veins, for 
example, the facial—draining chiefly the 
skin—was determined as an index of flow 
through the skin in relation to blood need. 
Similarly, arteriovenous blood oxygen dif- 
ferences in hepatic vein blood were deter- 
mined as an index of splanchnic blood flow 
in relation to blood need. The changes en- 
countered are illustrated in Figure 5. It 
will be noted that at the height of the 
hyperthermia, prior to circulatory failure, 
there is a very low arteriovenous difference 
in the cutaneous venous blood, while in the 
stage of circulatory collapse the arterioven- 
ous difference is very large. 

On the other hand, the hepatic vein blood 
displayed, during the stage of cutaneous 
dilatation, a high arteriovenous difference 
which tended to diminish (to a lesser degree 
in most of the experiments than in the one 
illustrated in Figure 5) as circulatory collapse 
developed. These reciprocal alterations can 
perhaps be best accounted for by assuming 
that, initially, there was compensatory 
splanchnie constriction, followed later by 
splanchnic dilatation as the result either of 
thermal injury to the centers in the brain, 
or of the accumulation of metabolites in the 
abdominal viscera. Once this state of vis- 
ceral vasodilatation supervened the blood 
pressure declined sharply, cutaneous flow 
diminished, and death soon followed. 

These results indicate that circulatory 
collapse induced by pyrexia is ordinarily of 
peripheral rather than cardiac origin. 

The Effect of Heat Pyrexia on Cardiac Re- 
serve. This question was studied by observ- 
ing the response of the venous pressure to 


massive, sudden intravenous infusion in rats 
with and without pyrexia. Rats were anes- 
thetized with sodium pentobarbital, the peri- 
toneal cavity opened and cannule inserted 
into the distal abdominal portions of the 
aorta and inferior vena cava. Comparisons 
were then made of the responses of heated 
(to approximately 43.5° C.) and unheated 
rats, to the infusion of 0.9°, sodium chloride, 
in doses of 65 ml. per kg. of body weight 
given over a period of 1 minute. This 
amount was found to be the maximum which 
could be tolerated when infused at this rate. 

As seen in Figure 6, the immediate effect 
on all animals, of this infusion, was to cause 


_a sudden marked rise in venous pressure. 


This was coupled, in most instances, with a 
rather marked fall in arterial pressure. 
Most of these pressures quickly reverted to 
normal. Five rats at normal body tempera- 
tures then remained “compensated” for a 
period exceeding 30 minutes. Seven rats 
heated to 42° to 43° C. before the infusion 
showed no such tolerance to this increase in 
the circulating blood volume. After the 
initial fall of the venous pressure back to, 
or nearly to, normal levels, they showed a 
secondary rise which continued until death. 
This secondary rise was coupled with a fall- 
ing arterial pressure and autopsy showed 
massive pulmonary edema. Five animals 
similarly heated but not infused showed no 
such evidence of congestive heart failure. 
Their deaths were ushered in by a falling 
arterial pressure without change in venous 
pressure. 

These results indicate that while the circu- 
latory collapse of pyrexia is usually of the 
peripheral type, the reserve power of the 
heart is impaired, and that heart failure may 
be induced when sufficient fluid is adminis- 
tered at a sufficiently rapid rate. In patients 
with preéxisting cardiac disease it might be 
expected that heatstroke might lead to 
cardiac rather than peripheral failure. 

The Effect of the Administration of Fluid on 
Survival. Mice, weighing about 25 gm., were 
heated to the point of convulsions, and vari- 
ous amounts of fluid (0.9 or 0.6% sodium 
chloride) were immediately administered in- 
traperitoneally to one-half of the animals, the 
period of survival being compared with that 
of the untreated controls. As shown in Fig- 
ure 7, the administration of 0.5 ml. of saline 
appeared to have no significant effect on sur- 
vival, doses of 1 to 2 ml. were followed by in- 
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creased duration of survival, while larger doses 
were ineffective. These findings, when coupled 
with those already mentioned, suggest that 
while the administration of fluid in modera- 
tion may tend to overcome the peripheral 
circulatory failure of heatstroke and, hence, 
exert a beneficial effect, the administration 
of larger amounts may tend to induce heart 
failure and, hence, to exert a harmful effect. 
The observations on rats, mentioned in the 
preceding paragraph, would suggest that 
such a harmful effect was the result of heart 
failure. Since, however, measurements of 
venous pressure and other circulatory func- 
tions were not made in the mice, the ap- 
parently harmful effects of large amounts of 
fluid cannot be ascribed with certainty to 
heart failure in this species. 

The Effect of Digitalis. Experiments on 
more than 100 mice, and a number of rats, 
yielded inconclusive results. This was not 
surprising, in view of the known resistance of 
these animals to digitalis. Mice given digi- 
toxin* (2 mg. per kg. of body weight, in 
proylene glycol, intramuscularly) 2 hours 
prior to the induction of heatstroke dis- 
played a higher survival rate than controls. 
However, these mice were found to develop 
convulsions while being heated somewhat 
more quickly than the controls, and hence 
had, on the average, a shorter period of 
exposure to heat. Mice treated with digi- 
talis after the onset of heatstroke exhibited 
an increase in survival rate, but the time 
before death was in most instances too brief 
to allow for the full effect of the drug. 
Hence, no conclusions concerning the pos- 
sible efficiency of digitalis can be drawn from 
these experiments. 


Discussion. The disturbance of function 
essential for the production of heatstroke 
is that heat gain exceed heat loss. In 
these animals, increased heat gain from 
the environment could not be met by 
their relatively inefficient heat dissipating 
mechanisms. In man, large increases in 
environmental temperature are readily 
borne by his efficient heat dissipation by 
evaporation of sweat, as long as he con- 
tinues to sweat. When sweating ceases in 
high environmental temperature, how- 
ever, his remaining mechanism (e. 4., 


* We are indebted to Dr. K. K. Chen, of the Fli 
this study. 


evaporation in the respiratory tract) is 
inadequate, and his heat gain exceeds 
heat loss. The validity of considering 
the state produced in these animals as 
true heatstroke, comparable to that ob- 
served in man, need not bé questioned 
because of the fact that in the normal 
state man and these animals have differ- 
ent heat dissipating mechanisms. 

In the experimental animal heatstroke 
may be conveniently divided into (1) the 
premonitory stage, (2) the pink stage, and 
(3) the gray stage. The premonitory 
stage is characterized by progressive ex- 
citement with rising temperature. Respi- 
ratory movements progressively increase 
in rate and amplitude. Cutaneous blood 
flow is increased. Cardiac output rises as 
oxygen consumption keeps pace with ris- 
ing body temperature. In the pink stage, 
which is divided from the former by the 
onset of coma or convulsions, the increase 
in cutaneous circulation is extreme, and 
becomes almost equivalent to an arterio- 
venous shunt. The greatly diminished 
peripheral resistance in superficial areas 
permits very rapid venous return, which 
in turn produces increased cardiac output. 
This increased venous return would ordi- 
narily produce an elevation of venous 
pressure, except for the fact that vigorous 
inspiration is performed so many times 
per minute. Each inspiratory act increas- 
es venous return, at the same time lowering 
venous pressure in the thorax. This enor- 
mous skin circulation can occur only so 
long as a significant proportion of total 
blood volume is prevented from entering 
more voluminous splanchnic areas. 

In the gray stage, splanchnic constric- 
tion has failed. It is likely that thermally 
damaged vasomotor centers are no longer 
able to effect it, and that the accumulation 
of acid metabolites during the period of 
diminished splanchnic flow also plays a 
rdle. When internal vasodilatation is 
added to superficial dilatation, venous 
return is no longer great, because of pool- 
ing of the blood in dilated capillaries 
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everywhere. Cardiac output rapidly de- 
clines. Blood pressure falls to true shock 
levels. Oxygen consumption falls for want 
of transport. To thermally damaged cells 
all over the body, requiring increased 
oxygen because of thermally stimulated 
metabolism, is added the insult of circu- 
latory anoxia. The animal is in profound 
peripheral vascular collapse. 

Why is pulmonary edema encountered 
in patients? Pulmonary edema was not 
observed in these animals, and apparently 
they did not develop heart failure, unless 
given saline infusions. No changes in 
venous pressure were observed. Four pos- 
sible mechanisms are suggested. 

1. In the pink stage cardiac work is 
increased. The senile hearts of old victims 
may fail under this strain, while the 
laboratory animal’s heart does not. 

2. Venous return and pulmonary flow 
are greatly increased. Of necessity, this 
means pulmonary hyperemia. Pulmo- 
nary capillaries are thermally damaged and, 
perhaps, increased in permeability. Rapid 
and vigorous respiratory effort means 
more inspiratory negative intra-alveolar 
pressure per minute. This lowering of 
the mean intra-alveolar negative pressure 
would tend to pull fluid through engorged 
damaged capillaries. 

3. Pulmonary edema may conceivably 
develop as a final manifestation of periph- 
eral circulatory failure, the diminished 
coronary flow consequent to the lowered 
arterial pressure eventually leading to 
heart failure. This sequence of events 
was not observed in our animals. 

4. Pulmonary edema may develop be- 
cause of overenthusiastic treatment with 
intravenous fluids. A review of clinical 
records of fatal cases in our clinic suggests 
this. Rats with hyperthermia certainly 
tolerated large intravenous infusions less 
readily than those at normal temperatures. 

It is universally accepted that the ter- 
mination of hyperpyrexia, as quickly as 
is consistent with safety, is indicated. 
By the use of evaporative cooling a fairly 
rapid reduction of hyperthermia in the rat 
and dog was obtained. By ice-bath cool- 


ing, even more rapid cooling is achieved. 
Since the effect of an elevated temperature 
on body proteins depends on the time as 
well as the temperature, the shortening 
of the duration of hyperpyrexia by even 
a few minutes may mean the difference 
between reversible and irreversible brain 
damage; between mild and profound cir- 
culatory failure. It was noted above that 
there are 2 criticisms of the ice-bath in 
the literature: that it is less effective than 
evaporative cooling because of physical 
principles, and possibly skin vasoconstric- 
tion, and that it may be dangerous, pro- 
ducing “shock.” Our experiments on the 
rate of temperature reduction in the rat 
and dog deny the first objection, and the 
greater survival of mice treated with ice- 
baths, as compared to those treated by 
evaporative cooling, denies the second. 
Theoretical objections to the ice-bath, on 
the basis that melting 1 gm. of ice removes 
only one-seventh as many calories as 
evaporating 1 gm. of water, are untenable. 
On the hospital ward, the object is not 
to obtain maximum cooling with a given 
number of grams of ice or water. The 
object is to obtain most rapid cooling 
regardless of the amounts required. 

It seems apparent that after reduction 
of hyperthermia, if vascular collapse is 
present, this, too, must be treated. The 
vascular collapse is primarily peripheral, 
due to underfilling of a generally dilated 
capillary bed, but probably the heart is 
racing toward failure, too. Lacking phar- 
macologic means to correct capillary vaso- 
dilatation, one can treat the vascular 
collapse only by intravenous fluids. One 
does so apparently at the imminent risk of 
producing heart failure and pulmonary 
edema. 

On the basis of these studies, the fol- 
lowing outline of treatment is suggested 
as trial-worthy. 

1. Heatstroke is a grave emergency, and 
when the diagnosis is tentatively estab- 
lished (by the coéxistence of [a] a history 
of exposure to excessive environmental 
temperature; [b] otherwise unexplained 
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pyrexia; je} dry skin) tmmediate therapy 
should be instituted. 

2. If the patient is comatose, or if body 
temperature is above 41° C. (106° F.), 
the patient should be immersed in ice- 
water. Milder instances may be treated 
by evaporative cooling. The oral tem- 
peratures should be followed minute-by- 
minute during the process of cooling. 

3. At an oral temperature of about 
38.5° C. (101° F.) the patient should be 
moved to a tub of water at about 38° C., 
the body temperature still being observed 
continuously. After the patient’s body 
temperature has stabilized at an essen- 
tially normal level, hydrotherapy may be 
discontinued. 

4. If manifestations of shock—gray 
skin color, slow filling of blanched areas, 
poor filling of veins behind a tourniquet, 
severe hypotension—are present, infusions 
must be given, but with great caution, 
the venous pressure, state of breathing 
and breath sounds being continuously ob- 
served. Rapid digitalization is probably 
indicated if pulmonary edema or rising 
venous pressure develop. 

5. Oxygen therapy is probab]~ valuable 
when either peripheral failure or pulmo- 
nary edema is present. 

6. After the emergency state has passed, 
the patient’s temperature must still be 
watched very carefully. Adequate atten- 
tion should be given to fluid and electro- 
lyte requirements. 


Summary and Conclusions. Heat py- 
rexia (heatstroke) has been produced in 
laboratory animals (dogs, rats, mice) by 
exposure to high environmental tempera- 
tures. Except for differences related to 
the sweating mechanism, and the more 
rapid course of events in smaller animals, 
the clinical picture of heat pyrexia in 
animals resembles closely that seen in man. 

In the “pink stage” heatstroke is char- 
acterized by greatly increased cutaneous 
blood flow, amounting practically to an 
arteriovenous shunt, with compensatory 
internal constriction. Cardiac output is 
high. 

In the “ gray stage,” or stage of vascular 
collapse, generalized vasodilatation pro- 
duces peripheral circulatory failure. Ven- 
ous return and cardiac output fall. 
Despite continued need, oxygen consump- 
tion declines for want of transport. 
Anoxic damage is added to thermal dam- 
age in the body cells, generally. 

Hyperthermia is reduced most rapidly, 
and with greatest advantage to the ani- 
mal’s chances for survival, by the ice-bath. 

Fluids in moderate doses produced in- 
creased survival time in mice subjected 
to heatstroke. 

Massive intravenous infusions produced 
heart failure in rats during hyperthermia, 
while the same infusion was well borne 
by the rat at normal temperature. This 
indicates a definite reduction of myo- 
cardial reserve at excessive levels of body 
temperature. 
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ADMINISTERED SODIUM AMYTAL 
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ASSISTANT PROFESSOR OF PSYCHIATRY 
NEW YORK, NEW YORK 
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EARLIER studies have shown that the 
administration of relatively small doses of 
sodium amytal may be followed by pro- 
found alteration in a subject’s reaction to 
pain.’ Furthermore, tension headaches 
und other sensations resulting from an in- 
crease in contractile state of muscles may 
be reduced in intensity or abolished." 
Sensation and motor power may be re- 
stored in hysteria. The blood pressure of 
hypertensives may be greatly lowered," 
and, following intravenous injection of 
sodium amytal, there has even been re- 
ported relief of asthmatic attacks.® There 
have been numerous investigations of the 
mechanism of action of sodium amy- 
tal®.710-11.12.16.17 hut explanation of the phe- 
nomena referred to has not been estab- 
lished. Accordingly, and in view of the 
currently wide use of the drug, a series 
of observations concerning its action was 
undertaken. 


Method. Seven hundred patients selected 
at random from the clientele of the medical 
psychiatric wards and out-patient depart- 
ments of 1 civilian and 2 military hospitals 
served as subjects. During the course of 
their investigation and management they 
were interviewed 1 or more times following 
intravenous injection of from 0.1 to 0.5 gm. 
of sodium amytal in a 10% solution admin- 
istered at the rate of approximately 1 ce. 
per minute. 


Observations. 1. Errecr on Pain 
Perception. Using the pain threshold 
measuring device of Hardy, Wolff and 
Goodell,* 4 subjects were tested before 
and 15 minutes after injection of 0.5 gm. 


of sodium amytal. It was found that, as 
described elsewhere with other barbitu- 
rates,!® sodium amytal did not raise sig- 
nificantly the threshold for perception of 
pain. In Figure 1 is contrasted the 
threshold raising effects of 0.3 gm. acetyl- 
salicylic acid with that of 0.5 gm. sodium 
amytal. 

Comment. It may be inferred from these 
data that whatever salutory effects may 
follow the administration of sodium amy- 
tal in painful conditions, they do not stem 
from the blocking of pain perception. 
They must occur either because of altera- 
tions in the reaction of the subject to the 
painful experience or from interruption of 
the mechanism responsible for the noxious 
stimulus. 

2. ErFEcTs ON ATTITUDES AND Emo- 
TIONS. The most obvious changes among 
the 700 subjects to whom the drug was 
administered resembled those which might 
be expected following ingestion of alcohol. 
Usually the subject became relaxed and 
jocular but if disturbing topics were intro- 
duced and dwelt upon in the interview 
the subject gave more evidence of being 
distressed by them than he did when he 
was not under the influence of the drug 
In addition to the intensity of the focus 
of the subject’s attention on the topic at 
hand, there was a distractability whicl 
made it possible to shift the focus to other 
topics by appropriate manipulation of the 
situation. Thus, a subject could often be 
made tense and tearful at one momen‘ 
and relaxed and jocular the next. 


* Investigation was carried out under fellowship grants from the Commonwealth Fund and the 
Hofheimer Foundation. 
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Comment. While intravenous injection 
of sodium amytal is likely to be followed 
by relaxation and freedom from anxiety, 
it is not necessarily so. The drug induces 
in the subject a state of pliability in which 
relaxation and freedom from anxiety read- 
ily occur when the setting is secure and 
friendly, but in which tension and anxiety 
occur with equal ease when the security 
of subject is threatened by the introduc- 
tion of disturbing topics. 


Elevation of pain 
threshold 
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“insane.”’ Later, in several subjects ten- 
sion headaches were relieved by injection 
of sodium amytal and were then reinduced 
while the subject was still under the influ- 
ence of the drug, by the introduction of 
troublesome topics into the discussion. 

4. Hypertension. During interviews 
with fully conscious individuals who have 
hypertension it has often been possible to 
alter the level of blood pressure by alter- 
nately disturbing and reassuring the sub- 


ACETYLSALICYLIC ACID 
0.3 GM. 


5 HOURS 


Fic. 1.—Minor pain threshold raising effect of sodium amytal 0.5 gm., administered intravenously, 
compared with effect of acetylsalicylic acid 0.3 gm., taken by mouth. 


3. Tension HeEapacne. Prompt aboli- 
tion of tension headache by muscular re- 
laxation induced with the aid of sodium 
amytal has been observed in 45 subjects. 
In one subject, however, who was not hav- 
ing a tension headache at the time of injec- 
tion, headache occurred during adminis- 
tration of sodium amytal. She appeared 
anxious and harassed with furrowed brow 
and an expression of anguish. She revealed 
that she had been concealing from the 
examiner the fact that she had once been 
: patient in a mental hospital. She felt 
‘orn by the conflict between her obligation 
‘o tell everything and her fear that the 
-xaminer would drop her case if he knew 
of her having been once considered 


ject.° It was found that in subjects under 
the influence of sodium amytal such 
manipulations were far easier than they 
were when applied to unnarcotized indi- 
viduals. 

The ease with which blood pressure 
could be modified in hypertensive subjects 
after intravenous injection of sodium amy- 
tal is apparent in the following case. 


Case Reports. Case 1. A 41 year old 
married Jewess had hypertension since a 
pregnancy 10 years before. The hyperten- 
sion had been sustained at a level of approxi- 
mately 210/130 for 14 years prior to her 
visit to the New York Hospital. She com- 
plained of frequently recurring headaches, 
“like a tight hat” associated with irritabil- 
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ity and fatigability. Her conflicts con- 
cerned mainly her relationship with her 
parents and her husband. Her mother 
had been strict and humorless, giving very 
little affection and support either to her 
husband or to her daughter. Her father 
was also tense but kinder and more loving. 
Both parents had hypertension. The pa- 
tient throughout her life had felt heavily 
dependent on her father and resentful of her 
mother, but she nevertheless continually felt 
the need to appease the latter and gain her 
approval. She married at 24 a man 4 years 
older than herself upon whom she depended 
heavily as she had on her father, but toward 
whom she also felt resentment because of 
his relatively poor earning power. Her 
general demeanor was one of cheerful self- 
possession and none of her anxieties and 
conflicts were apparent when she was in her 
fully conscious state. 

Sodium amytal, 0.3 gm., was administered 
intravenously. Before the injection blood 
pressure was 255/125. Under the influence 
of the drug she became well relaxed and 
began to talk freely. Blood pressure fell to 
170/110. When she recalled an experience 
in which she received a telegram which she 
was reluctant to open because she feared 
that it might tell her of her husband’s death, 
her blood pressure rose to 195/130. It sub- 
sequently fell to 180/120. She next men- 
tioned her hatred for her mother and her 
father’s death. Blood pressure rose to 
230/150. It fell to 180/120 when the conver- 
sation was turned to the possibility of hap- 
piness in the future. Later she became very 
tense, began to sob, saying that her mother 
had killed her father by her bad treatment 
of him. Blood pressure rose to 226/134. 
Again it decreased when she spoke of good 
times she had had fishing with her father, 
but when the subject of her father’s un- 
happiness was dwelt upon blood pressure 
rose again to 238/150. She was finally 
diverted and began to joke with the physi- 
cians. A precipitous fall to 178/120 oc- 
curred. While speaking of sexual intercourse 
being unsatisfactory blood pressure was 
220/140. Later, when she laughed and 
spoke of her enjoyment while playing 
pinochle it fell again to 188/118. The last 
2 readings were 184/140 and 180/125 when 
she spoke of playing the piano with her 
daughter (Fig. 2). 

In numerous other hypertensive subjects 
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the blood pressure was made to rise or fall 
with appropriate stimulation under sodium 
amytal. Often when the situation was 
manipulated the blood pressure showed no 
initial drop following injection but began to 
climb at once. 

Case 2. A 31 year old married woman 
whose hypertension had been known to exist 
for approximately 1} years illustrates this 
occurrence. She was a mild-mannered, self- 
possessed individual who denied all conflicts 
but whenever the fact that her sister had 
always been more successful than she was 
dwelt upon her blood pressure rose. Prior 
to injection of sodium amytal her blood 
pressure was 180/120. During injection of 
0.3 gm. of the drug she was asked to compare 
the achievements of her sister’s husband 
with those of her own. She smiled sweetly, 
retained her composure and stated that her 
own husband had not done as well as her 
sister’s. “But that doesn’t bother me. ; 
Well, I did expect my husband to do better. 
When I married him I thought I could make 
something of him but he treats 
us very well and it does not bother me at 
all.”” By this time her blood pressure had 
risen to 215/135. After this topic had been 
dwelt on for 5 minutes she was reassured 
and allowed to rest. Forty minutes later 
her blood pressure had fallen to 170/110. 
The course of the blood pressure during the 
interview is graphically shown in Figure 3. 


5. TurBINATES AND NasaL Mucos. 
Other bodily structures which participate 
in the organism’s reaction to situational 
threats are the turbinates which shut off 
or open the nasal airways by either swell- 
ing or contracting. The relevance of these 
phenomena to sinusitis and nasal disease 
has been described elsewhere.'? The way 
in which the appearance and function of 
the nasal structures could be altered ex- 
perimentally is illustrated by the following 
account. 


Case 3. A 42 year old woman had suf- 
fered from vasomotor rhinitis and chronic 
sinusitis for 2 years. On numerous occa- 
sions the state of her nasal membranes had 
been correlated with her life situations and 
attitudes and it had been found possible to 
bring about either hyperemia, hypersecretion 
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and obstruction in the nose or subsidence of 
these changes by suitable discussion. 

As discussed elsewhere, when hyperemia 
and engorgement of nasal structures was 
sustained the vasodilatation often subsided 
and the structures became pale, remaining 
for a time boggy and edematous looking. 
This more chronic state of vasomotor rhinitis 
could also be made to subside during relaxa- 
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tion under sodium amytal. With discussion 
of threatening topics, however, the obstruc- 
tive process could be started up again, hyper- 
emia and hypersecretion ensuing. 

In this experiment (Fig. 4) the topie under 
discussion concerned a major conflict in the 
subject’s life. She was living with her third 
“husband,” by whom she had a daughter, 
aged 5, without having divorced her second 
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Variability in level of blood pressure in a hypertensive subject correlated with changes in topic 


during interview under intravenously administered sodium amytal, 0.3 gm. 
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Fig. 3.—Initial rise in blood pressure following intravenously administered sodium amytal during 
discussion of relevant conflict. 
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husband. The divorce decree was expected 
momentarily and she was looking forward 
to the possibility of marrying her present 
companion in order to make legitimate her 
child. At the same time she was reluctant 
to marry him because he was a poor pro- 
vider, irresponsible, often drunk and abusive 
to their child. She feared that continued 
life with him might be seriously damaging 
to the girl. She had been in conflict for 
several days awaiting the divorce decree. 
Her nose was obstructed, the membranes 
pale, swollen and wet. During administra- 
tion of the sodium amytal she was strongly 


DEGREE OF SWELLING AND SECRETION 


ADMINISTERED 


SODIUM AMYTAL 
sodium amytal, as illustrated in the case 
of the following patient. 


Case 4. A.36 year old housewife com- 
plained of attacks of dyspnea, associated 
with dry cough and wheezing for the previ- 
ous 6 months. Her parents were Russian 
Jews, the father lettered and gentle, the 
mother unschooled and cold; both were 
forceful characters. Her 3 sisters were mar- 
ried to Jewish businessmen, and 3 brothers 
were successful as an accountant, a factory 
foreman and a lawyer, respectively. They 
all enjoved the favor of the parents, whereas 
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Fic. 4.—Subsidence of nasal obstruction by swollen, pale turbinates during relaxation and freedom 


from anxiety following intravenous injection of sodium amytal. 


of color to the membranes during deturgescence. 


Note increase in secretion and returi 


Latter half of graph shows subsequent hyperemia 


with hypersecretion, swelling and obstruction during discussion of troublesome conflict. 


reassured and offered the support and coun- 
sel of the physician. After her membranes 
had resumed their normal appearance and 
her airways had opened she was abruptly 
threatened by unsympathetic discussion and 
the challenge, “Why do you marry John 
if he is making a neurotic out of your 
daughter?” Promptly her nasal membranes 
became hyperemic and hypersecretive again 
and the airways became obstructed. 


6. Astama. In subjects with asthma 
engorgement of the turbinates with re- 
sultant nasal obstruction was found to go 
hand in hand with bronchial constriction 
in asthmatic attacks. These changes, too, 
were found to be subject to manipulation 
following intravenous administration of 


the subject had incurred their disapproval 
by impulsively marrying a relatively non- 
competitive Roman Catholic of French- 
Italian parentage, 9 years her senior. 

She was ambitious to improve the social 
status of their children by educating them 
despite her husband’s meager earnings. 
Her daughter, at the age of 8, developed 
diabetes mellitus, which increased the pa- 
tient’s insecurity and further threatened her 
ambitions. At this time she was becoming 
increasingly disappointed, anxious and _re- 
sentful, and had difficulty in breathing 
through her nose. This nasal obstruction 
developed suddenly when several women in 
her presence condemned a girl for “over- 
stepping conventions.” It continued and 
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grew more troublesome and a year later she 
had nasal polyps removed. 

Twelve months later (November 1945) 
her son became ill with abdominal complaints 
and the subject feared that he, too, might 
have diabetes. At this time she developed 
attacks of wheezing during the night. These 
increased in frequency until she soon was 
having persistent respiratory distress with 
an accompanying dry cough. 
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+0 minutes of this interview. As soon as 
sodium amytal was injected, however, the 
changes became greatly accentuated and 
there occurred marked swelling of the turbi- 
nates. Subsequently the subject was reas- 
sured and after she had slept for several 
minutes the nasal structures were noted to 


have resumed their former appearance. 
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Occurrence of hyperemia, hypersecretion and swelling with obstruction in the nose and 


precipitation of an asthmatic attack during an interview dealing with troublesome conflicts. Note 
acceleration of the changes following intravenous injection of sodium amytal and subsidence of the 


changes after reassurance and relaxation. 


As reported elsewhere,® it was possible in 
this subject to induce nasal engorgement, 
obstruction and hypersecretion with asso- 
ciated attacks of asthma by introducing 
threatening topics into the conversation. 
Conversely, when relaxation and feelings of 
security were induced engorgement of the 
nasal mucosa and the asthma subsided. 
such experimental correlation of situation 
ith symptoms was accomplished most read- 
‘ly when the subject had received ‘an intra- 
enous injection of sodium amytal, as illus- 
rated in Figure 5. The interview in the 

stance illustrated dealt with her having 

cut off her nose to spite her face” in reject- 
¢ her family’s favor by marrying out of 
cultural group, of her husband’s failure 
vindicated her decision by “ succeed- 
»g,”’ and of her thwarted ambitions for her 
‘tildren. Only a small increase in redness 
id seeretion in the nose occurred in the first 


7. Epitepsy. Finally, in epilepsy, seiz- 
ures which are customarily inhibited by 
barbiturates have been induced in suitable 
subjects following intravenous administra- 
tion of sodium amytal during abreaction to 
the discussion of topics of threatening 
significance.” 


Case 5. The patient, a 26 year old man, 
had had psychomotor seizures for 11 years 
and grand mal convulsions for 2. The oceur- 
rence of his attacks had been correlated with 
episodes of intense anger, to which he felt 
unable to give overt expression. His chief 
conflict concerned a hatred for his mother 
whom he felt had not loved him and had 
failed to equip him for a competitive life. 
A typical grand mal seizure was induced in 
this subject immediately after the injection 
intravenously of 0.3 gm. sodium amytal dur- 
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ing a discussion of his mother in which he 
became enraged and spoke through clenched 
teeth saying, “I'll k-k-k-kill her.” At the 
height of this outburst his angry face sud- 
denly became blank and expressionless. He 
lost consciousness and had a tonic and clonic 
convulsive seizure. Throughout this proce- 
dure electroencephalographic tracings had 
been made. Typical grand mal waves were 
recorded during the seizure. 


Conclusion. It is clear from these data 
that sodium amytal has no direct pre- 
dictable effect on the mood and attitude 


of the subject. It exerts no direct pharma- 
cologic action on skeletal muscles, smooth 
muscles or glands which are subject to ner- 
vous influence. Thus its designation as a 
“vasodilator substance” when used to aid 
in the selection of hypertensive subjects 
for sympathectomy is a misnomer. On the 
other hand, it creates in the individual a 
state of altered consciousness associated 
with marked suggestibility in which it is 
often possible to alter not only the emo- 
tional reactions of the subject but also the 
bodily changes that accompany them. 
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THE use of thiouracil and of propyl- 
thiouracil* during the past 3 years facili- 
tates their evaluation either as a means 
of preparing patients for operation, or as 
«a method of medical treatment without 
recourse to surgery. The earlier studies 
in this investigation concerned themselves 
with the problem of finding the earliest 
time for the initiation of a maintenance 
dose of thiouracil, in order to preclude the 
occurrence of agranulocytosis. A plan of 
study was pursued that integrated the 
clinical investigation with various labora- 
tory procedures. It was subsequently 
learned that the susceptible patient would 
develop agranulocytosis, regardless of the 
early administration of a maintenance 
dose and the simultaneous prophylactic 
administration of “solubilized” liver as a 
source of folic acid. This phase of the 
work will be explored further at another 
point in this paper. The high incidence 
(15%) of early mild and often transient 
toxic effects of thiouracil" is not sufficient 
to deter the clinical investigator from 
using this drug, but the serious complica- 
tion of agranulocytosis is a definite threat 
to its general acceptance. With the ad- 
vent of propylthiouracil this danger has 
been sufficiently lessened so that a more 
favorable comparison may be drawn in 
the future between the surgical mortality 


rate and the undesirable factors ac- 
companying the exclusive use of propyl- 
thiouracil. Since the physiologic and 
pharmacologic effects of thiouracil and of 
propylthiouracil are similar, the results 
obtained from the use of thiouracil may 
be employed as the yardstjck to evaluate 
the newer and less toxic preparation. 


Procedure. One hundred patients were 
employed in this study (Table 1). Of these, 
63 received thiouracil and 37 received 
propylthiouracil. Preliminary to receiving 
any therapy a basal metabolism test, a 
galactose thyroid function test, a serum 
cholesterol determination and a blood count 
were done on each patient. After the start 
of therapy and throughout its course a white 
blood count and differential count were done 
weekly, or more frequently if the white 
blood count ranged around 4000. The basal 
metabolism test, the galactose thyroid fune- 
tion test and the serum cholesterol deter- 
minations were done simultaneously every 
2 weeks until a maintenance dose was es- 
tablished and then at less frequent inter- 
vals. The patients were examined at 
weekly intervals for the first 3 months and 
then, after a maintenance dose was estab- 
lished, every 2 weeks for 3 months and then 
every month. At each visit a white blood 
count and differential count was done. 

The galactose thyroid function test was 
done in accordance with Maclagan’s!® modi- 
fication of Althausen’s' method in which the 


* The thiouracil and propylthiouracil used in this study were supplied by the Lederle Laboratories 


‘hrough the kindness of Dr. Stanton M. Hardy. 
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values of the blood, taken at 30, 60 and 
90 minutes after the ingestion of the galac- 
tose, are totaled and expressed as the galac- 
tose index. Our experience has shown that 
a range of 50 to 100 may be considered 
within the normal range. In doubtful cases 
the consideration of the peaks at 30 or 
60 minutes was more informative than the 
totaled amount. 
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to be a sensitive indicator to within 24 to 
48 hours. The details of this investigation 
are being presented in a separate report. 
Propylthiouracil was employed in a new 
group of patients and in several of those 
who exhibited toxic reactions to thiouracil. 
We found, in agreement with others," that 
a total daily dose of 200 mg. administered 
in divided doses of 50 mg. 4 times daily 


TaBLe |.—ANALYSIS OF CaAsES INVESTIGATED 
Recurred Malignant 
Exoph- Diffuse Toxic postopera- exoph- Non-classi- 

Types treated thalmos toxic nodular tive thalmos Total 
Thiouracil 6 21 16 14 1 5 63 
Propylthiouracil 6 18 7 4 1 1 37 
Total cases treated 12 39 23 18 2 6 100 


The earliest group of patients was treated 
with divided doses of thiouracil in July 1944. 
One-tenth gm. was given 4 times daily, 
together with 5 capsules of a solubilized 
liver (Liver “L”)* for each 0.1 gm. of 
thiouracil. As soon as the galactose index 
approached the normal range the dose of 
thiouracil was reduced to 0.1 gm. twice 
daily, as a maintenance dose, regardless of 
the basal metabolism rate at that time. 
Those patients that were treated medically 
were maintained on this dose or less, de- 
pending on the individual response, for a 
period of 9 months to 1 year. After discon- 
tinuing the use of the drug, the patients 
were then seen at regular intervals of 3 to 
6 months to determine whether the toxic 
symptoms had recurred. Those patients 
that were being prepared for thyroidectomy 
were treated in the same manner as the 
medically treated patients. After a mainte- 
nance dose had been established in these 
patients, and both the basal metabolism rate 
and the galactose thyroid function tests 
were maintained within the normal range, 
the use of thiouracil was discontinued. 
Fifteen drops of Lugol’s solution was then 
administered 3 times daily in order to bring 
about involution of the gland. The length 
of time that the Lugol’s solution is given 
is an important factor in facilitating the 
operative procedure. In order to determine 
the optimum time for operation, the galac- 
tose thyroid function test was employed as 
a means of indicating whether involution 
of the gland was complete. This test proved 
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yielded the optimum therapeutic effect. 
The same plan was followed to establish a 
maintenance dose in these cases as was 
observed when thiouracil was employed. 
When the basal metabolism rate and galac- 
tose thyroid function tests were within the 
normal range, the dose of propylthiouracil 
was reduced to one-half the therapeutic dose. 

Ten patients, taken at random, were 
given 5 drops of Lugol’s solution twice 
daily and 50 mg. of propylthiouracil 4 times 
daily throughout the period of treatment. 
This was done in the light of the work of 
Rawson et al.!? in explaining the 2-fold action 
theory of iodine. They believe that the syn- 
thesizing action of iodine, in which it is con- 
verted into the thyroid hormone is inde- 
pendent of its involuting action on the gland. 
Consequently they believed that thiouracil, 
by inhibiting the production of the thyroid 
hormone,” separates these 2 functions and 
allows involution to proceed with the use 
of iodine at the same time that it blocks the 
production of the hormone. 


Resutts. The present investigation 
concerned itself with the dual purpose of 
evaluating the use of the antithyroid 
drugs, thiouracil and propylthiouracil, and 
of applying those known laboratory pro- 
cedures that would indicate the minimum 
effective therapeutic dose and the earliest 
initiation of a maintenance dose of thio- 
uracil. This was originally planned to 
obviate the toxic effects of thiouracil 


‘solubilized”’ liver was supplied by the Wilson Laboratories through the courtesy of Dr, 


THIOURACIL AND PROPYLTHIOURACIL 


because the size of the dose frequently 
bore a direct relationship to the occur- 
rence of toxic reactions. A review of the 
various laboratory procedures indicated 
that the basal metabolism rate is still the 
simplest method of determining thyroid 
activity. In spite of this, it is known that 
there are factors which will increase the 
basal metabolism rate in patients who do 
not have an associated overactivity of the 
gland. Hypertension, congestive heart 
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iodine became normal before the basal 
metabolism rate was normal in thiouracil 
treated patients. The special facilities 
necessary for performing this test would 
preclude its universal use by physicians 
who do not have research facilities avail- 
able. Therefore, the galactose thyroid 
function test was chosen as a supplement 
to the basal metabolism and the serum 
cholesterol determinations. 

Since the advent of the galactose thy- 


COMPARATIVE LABORATORY EVALUATION OF THIOURACIL THERAPY 


Ga.I 
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161 
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(Combined Averages of 31 Pts.) 


After Initial Rise, Cholesterol Gives No Indication of 
Therapeutic Efficiency of Thiouracil. 


lic. 1.--The combined averages of the 3 tests that were employed indicate their comparative value 
in the diagnosis and their value as therapeutic guides in patients treated with thiouracil. 


failure, emotional disturbances and me- 
chanical factors sometimes interfere with 
a proper determination. Lowenstein® sug- 
gested that the estimation of the pro- 
tein bound plasma iodine could be em- 
ployed as a sensitive indicator of the 
fluctuation that oceurs in the production 
or suppression of endogenous iodine, thus 
offering an index to the accurate quan- 
titative measurement of the production 
of the thyroid hormone. Williams and 
Clute’ observed that the plasma protein 


roid function test as a procedure to aid 
in the diagnosis of thyrotoxicosis, varying 
reports’ have appeared in the literature 
regarding its reliability as a diagnostic 
test in this condition. In the present 
series the test was of diagnostic value in 
70% of the patients. Its value was not 
limited to those in whom the basal metab- 
olism determination was not sufficiently 
informative; it was also of value as a 
means of following the progress of treat- 
ment. It was found that in many cases 
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the galactose index reached normal before 
the basal rate approached the normal 
range. It was in these cases, when thio- 
uracil was employed, that this informa- 
tion aided in the earlier establishment of 
a maintenance dose. Reference to the 


been symptom-free for 19 months since 
stopping treatment. 

The degree of sensitivity of the galactose 
test will vary with the patient. In the 
case of Patient R. B. the test was an ex- 
tremely sensitive guide to dosage. Refer- 
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Fic. 2.— Maintenance dose established in 35 days on basis of early return of galactose test. Basal 
metabolism rate normal in 58 days. 


chart of A. T. (Fig. 2) indicates that the 
galactose index was within the normal 
range in 35 days while the basal metab- 
olism rate was still +20%. A mainte- 
nance dose of 0.2 gm. daily was established 
and improvement continued. This pa- 
tient was treated for 12 months and has 


ence to Figure 3 will show that when the 
dose of thiouracil was reduced to 0.1 gm. 
daily on the 50th day of treatment and 
maintained ‘at this level for 30 days, the 
galactose index rose from 35 to 125, while 
the basal metabolism rate showed a 
negligible change. When the maintenance 
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dose of 0.2 gm. was resumed, the galactose 
test readily reflected the favorable re- 
sponse to this increased dosage by a drop 
in its value. 

The mechanism of this action can be 


partly explained by the work of Soskin" 
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invalgia on the 28th day as a result of a 
toxic response to the administration of 
thiouracil, showed a rise of the basal 
metabolism rate from the initial +44 to 
+63%. The galactose index dropped 


from 190 to 135, indicating improvement 
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Galactose test showed more sensitive fluctuation to change in dose of thiouracil than did the 


basal metabolism rate. 


“ho showed that thyroxin influenced the 
« sorption of ingested carbohydrate. The 
fctors, outside of the thyrotoxic state, 
that will increase the basal metabolism 
re during treatment will not influence 
tie galactose test. One patient, C. B. 
‘ig. 4), who developed pyrexia and 
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in the thyrotoxic state, notwithstanding 
the increased basal metabolism rate occa- 
sioned by the fever and muscle pain from 
which the patient was suffering. 

Among the patients studied there were 
6 that presented symptoms not clearly 


those of hyperthyroidism. Three of these 
3 


_ | 
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had had thyroidectomies and were referred 
to us because of the persistence of the 
symptoms after operation. All 6 patients 
had increased basal metabolism rates 
and consequently posed a difficult prob- 
lem as to whether or not they represented 


basal metabolism rate dropped. Refer- 
ence to Table 2 shows that the drop in 
the basal rates was probably due to the 
reassurance of the patient. Neither the 
galactose test nor the cholesterol level 
showed any change in 5 of the 6 patients 


age: 


tit 


if 
TT 


Fic. 4.—Some factors that influence the basal metabolism rate have no effect on the galactose tes‘. 


Pyrexia, as a complication caused rise in the basal metabolism rate but did not influence galactose test. 


true cases of thyrotoxicosis. The galac- 
tose index in some was increased and in 
others was normal. In 4 of these cases, 
after the administration of thiouracil for 
a period of 68 to 96 days, the galactose 
test did not vary appreciably, while the 


recorded. Hypertension may have influ- 
enced the basal rate in 4 of the 6. Three 
patients had had thyroidectomies without 
alleviation of the symptoms. The reason 
for the high initial galactose index in 4 of 
these patients is not clear and represents 
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some of the 30% in whom the test is not 
in itself an aid to diagnosis. When it was 
employed in these patients as a diagnostic 
aid, after thiouracil was used as a thera- 
peutic test, it proved helpful in determin- 
ing the thyroid state of the patient. 
Occasionally, the basal metabolism rate 
does not reflect the degree of improvement 
that is observed clinically. When such a 
patient is being prepared for operation it 
is reassuring to have other confirmatory 
laboratory evidence. The curves plotted 
in the case of Patient M. F. (Fig. 5) give 
evidence of this in a strikingly graphic 
manner. This patient was admitted in a 
state of cardiac decompensation associated 
with auricular fibrillation. The basal 
metabolism rate was +78 % and the galac- 


metabolism rate complement each other 
admirably. The latter observation is 
further evidenced in Table 3 in which 
2 groups were chosen from the early 
studies in 1944. One group represented 
those cases that showed a recurrence of 
the thyrotoxic symptoms after operation, 
and the second group was made up of a 
small number of those that had not had 
any previous treatment. In some cases 
the basal metabolism rate was a better 
guide to treatment, while in others the 
galactose test was more informative. The 
recurrence of the thyrotoxic state after 
thyroidectomy does not imply that we are 
dealing with a type apart. The responses 
of the recurring and primary cases were 
alike. 


TABLE 2 


(The galactose index is a better therapeutic test when the basal metabolism rate is increased by causes 
other than hyperthyroidism.) 


Basal metabolism Galactose Cholesterol Duration 
rate index (mg. per 100cc.) _ of 

———. therapy 
Name Age Sex Before After . Before After Before After (days) Comment 
M.L. 43 F +31 +3 276 260 350 90 Prev. op. 
C.W. 34 F +15 +6 170-188 168 180 66 Prev. op. 
is. 49 F +29 +27 137-116 180 176 68 Prev. op.; B.P. 190/110 
L. 8. 50 =F +30 +5 104 70 266 232 83  Hyperten.; B.P. 240/130 
63 F +37 +37 250 235 96  Hyperten. 
C.J 50 F +28 +10 176) 150 242 83  Hyperten.; B.P. 225/100 

tose index was 440. At the end of 54 days The use of the serum cholesterol deter- 


of treatment with thiouracil, the basal 
metabolism was +50% and the galactose 
index was 180. The patient’s intake of 
thiouracil was reduced to 0.2 gm: daily 
whereupon the basal metabolism rate 
rose to +58% while the galactose index 
dropped to 100. In the meantime the 
patient had gained 24 pounds in weight 
and the pulse had stabilized itself as to 
rate and regularity. The patient was 
subjected to an uneventful thyroidec- 
tomy. The converse of this case presented 
itself in which the galactose test was of 
no value in following the course of treat- 
ment and in which the clinical data sup- 
plemented by the basal metabolism rate 
cre the criteria for subsequent treatment. 
The clinical condition of the patient still 
remains the sine qua non of treatment, 
While the galactose test and the basal 


mination as an aid to diagnosis and treat- 
ment had its shortcomings mainly in the 
fact that it was of no value in following 
treatment. As is generally known, the 
serum cholesterol is usually lowered in 
hyperthyroidism. Within 1 month after 
the use of thiouracil or propylthiouracil 
the serum cholesterol evidences a primary 


‘rise which is maintained throughout the 


course of the treatment regardless of the 
variations in the dose of the antithyroid 
drug. A composite chart of the laboratory 
data of 31 patients (Fig. 1) is shown which 
compares the responses as reflected by the 
3 tests that were employed. The basal 
metabolism rate and the galactose index 
both showed a continuous decline for a 
period of 120 days, while the serum choles- 
terol showed a primary rise at the end 
of 30 days, which was then maintained 
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at approximately the same level for the 
entire of treatment. After the 
primary rise, the cholesterol gave no indi- 
cation of the therapeutic efficiency of the 
drug. 


course 
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light of the work of Daft® who employed 
crystalline folic acid to treat sulfa-induced 
granulopenia, and of Goldsmith and _ his 
associates’ who used “solubilized” liver 
as a source of folic acid to cure thiouracil- 
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Fic. 5.—The galactose index reflected the clinical improvement, whereas the basal metabolism rate was 
not informative during treatment. 


Toxic Errects. While the milder and 
less troublesome toxic effects of thiouracil 
are not a serious threat to its use, the 
depressive effect of this drug on the white 
blood cells and especially on the granulo- 
cytes is of paramount importance and 
emphasizes the care that should be exer- 
cised in the use of this preparation. In the 


induced leukopenia and granulopenia in 
rats, we employed large doses of “ solubil- 
ized” liver (5 capsules for each 0.1 gm.) 
in 40 patients for a period of 1 year. We 
do not believe that this influenced tlie 
effect of thiouracil on the blood pictures 
presented by the patients. One patient, 
who was being treated in this manner 
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(E. D.), developed granulopenia (21% 
neutrophils) 1 month after the onset of 
treatment. The total white count was 
7000. This disparity between the white 
count and the granulocytes indicates the 
need for doing both the total and differ- 
ential counts on all cases. The use of 
lactis casei factor (folic acid), intravenous 
pyridoxine and penicillin had no effect on 
the granulocytes as long as the thiouracil 
was continued. After the drug was dis- 
continued, the differential blood ‘count 


to 18% in the 5 succeeding days. After 
vigorous treatment with penicillin the 
patient subsequently recovered. One pa- 
tient (C. B.), who had exhibited an early 
toxic effect of pyrexia and myalgia 20 days 
after treatment was started, did well until 
5 to 6 months later at which time she 
was on a very low maintenance dose of 
0.1 gm. daily. At this time the white 
blood count and the granulocytes gradu- 
ally declined so that the white blood count 
was 2350, with granulocytes 35%. The 


approached normal. Another patient drug was stopped and the amount of 
(B. H.) was less fortunate. She repre- “solubilized” liver administered was in- 
TABLE 3 


(Indicates that the basal metabolism test and the galactose test complement each other for purposes 


of diagnosis and treatment. 


Cases recurring after thyroidectomy are not different from primary 


thyrotoxic cases.) 


Basal metabolism Galactose Cholesterol Duration 
rate index (mg. per 100 ce.) of 
Name Age Sex Before After Before After Before After (days) Comment 
M.F. 30 I +75 +5s 42s 102 140-266 67 G.I. better guide 
K.M. 56 +75 +9 441 162 1S7 224 60 Died— apoplexy 
43 M +36 — 3 273 9S 166-250 30 Prompt response 
x. +49 92 176 56 176 163 63 BMR better guide 
B. Sch. 44 M +30 + 117 73 188 228 56 BMR better guide 
42 F +44 191 61 145 66 Myalgia 
L. H. 31 I +19 — 5 148 95 333 60 G.1. better guide 
Primary Thyrotoric Patients 
H. 1 5s.CUWM +70 +27 1s1 145 171 200 46 Prep. for oper. 
D.S8. 42 M +60 +29 234 134 184240 40 Prompt response 
4s +55 2 273 90 174 36 Prompt response 
D.G. 32 F +33 +4 143 129 222 200 45 BMR better guide 
I. H. +35 + 1 153 60 39 G.1. better guide 
B.S. 70 k +42 + 3 1S6 S85 260 231 32 G.1. better guide 
R. B. 46 F +36 +13 172 rf 190 222 42 G.1. better guide 
M.S. 55 F +61 + 26 6S 53 SO) 15S 150 Diabetes present 
F. A. ti F +16 tf) 228 s9 320 307 41 Diabetes present 


sented a case of malignant exophthalmos 
in whom there was a moderate degree of 
ophthalmoplegia. This patient was treat- 
ed with thiouracil and a supplement of 
solubilized liver for 71 days. At this 
time she was on a daily maintenance dose 
of 0.1 gm. and 0.2 gm. on alternate days. 
In spite of this low maintenance dose the 
granulocytes dropped suddenly to 28% 
an’ the total white blood cells to 2050. 
Thiouracil was discontinued and all re- 
ported methods of stimulating granulo- 
cytosis were instituted. In spite of this 
anc several transfusions, the white blood 
count dropped to 950 and the granulocytes 


creased to 32 capsules daily. The blood 
picture returned to normal after 10 days, 
which is enough time for spontaneous 
hemopoiesis to occur indepeadent of any 
treatment. These specific cases are de- 
tailed in order to indicate that the size of 
the dose of the drug, the duration of treat- 
ment, and the prophylactic and supposedly 
curative effects of various preparations 
are neither safeguards nor means of ther- 
apy in the susceptible patient. These 
experiences emphasize the need for con- 
stant supervisory and follow-up examina- 
tions of the patients as long as they are 
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taking thiouracil, regardless of the dose 
or duration of treatment. 

The less serious and transitory toxic 
effects in our cases consisted of pyrexia, 
myalgia, swollen submaxillary glands, 
peripheral edema and urticaria. The oc- 
currence of the various toxic effects experi- 
enced by our patients is shown in Table 4. 
Of the 63 treated patients, 9 experienced 
8 complications; 2 of the 9 patients ex- 
perienced 2 types of toxic reactions. It 
is interesting to observe that the patient 
who developed agranulocytosis had ex- 
perienced pyrexia as a complication one 
month previous to developing the agranu- 
locytosis. The patient who experienced 
myalgia and pyrexia is 1 of the 2 who 
developed leukopenia several months later. 
This earlier susceptibility to the drug may 


TABLE 4, 
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COMPARATIVE INCIDENCE AND VARIETY OF COMPLICATIONS WITH THIOURACIL 


suffered from severe edema of the face 
associated with swelling of the submaxil- 
lary glands and edema of the glottis. 
This disappeared after emergency treat- 
ment. As a therapeutic test, 1 week after 
recovery, the patient was given } tablet 
of thiouracil (0.05 gm.). Within several 
hours the patient’s temperature rose to 
103° F., her face and the soft tissues of 
the neck and throat became markedly 
edematous and she was in a desperate con- 
dition. One week after this toxic reaction 
subsided, propylthiouracil was substituted 
for thiouracil in a dose of 50 mg. 4 times 
daily. This was tolerated without any 
untoward effects and the clinical and 
laboratory response has been favorable. 
From present indications the use of propy!- 
thiouracil should supplant the use of thio- 


AND PROPYLTHIOURACIL 


(Note the low incidence and the limited scope of complications with propylthiouracil.) 


Complication 
Pyrexia 
Pyrexia + myalgia ; 
Swollen submaxillary gland 
Edema 
Urticaria 
Leukopenia 
Granulopenia 
Agranulocy tosis 


Total 


be a means of cautioning the physician of 
a possible subsequent more serious com- 
plication. After subsidence of the mild 
complications, frequent observation of the 
patient, regularly repeated blood counts 
should be the rule. 

We observed very little toxicity from 
the use of propylthiouracil in a period of 
10 months. The only toxic effect as a 
result of its use occurred in 3 patients 
who later developed generalized urticaria. 
There was no depressing effect on the leu- 
kocytes or the granulocytes of any of the 
patients who were treated. In fact, 2 of 


the patients who developed leukopenia as 
a result of the use of thiouracil, when given 
propylthiouracil were able to tolerate it 
and experienced a return of their white 
blood count to normal. 


A third patient 


Thiouracil Propylthiouracil 


3 0 
1 0 
2 0 
1 0 
0 3 
2 0 
1 0 
1 0 
11 (14.2%) 3 (8.1%) 


uracil as the drug of choice in treating 
thyrotoxicosis. 

THE PRE-SURGICAL AND THE MEDICAL 
TREATMENT OF TuHyYRoToxIcosts. The 
decision to employ non-surgical treatment 
in a case of thyrotoxicosis must be based 
on individual considerations of the case 
at hand. Those patients who are to be 
subjected to thyroidectomy follow an es- 
tablished pre-surgical routine. It has been 
our plan to prepare these patients with one 
of the anti-thyroid drugs until both the 
laboratory and clinical data indicate that 
the condition of the patient is at the 
optimum point. The average patient re- 
quires 3 to 4 months of ambulatory thio- 
uracil treatment. An occasional individ- 
ual case requires a longer period. After 
optimum conditions are achieved, the thio- 
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uracil or propylthiouracil is discontinued 
and Lugol’s solution is administered for 
18 to 21 days. The patient is then ad- 
mitted to the hospital for thyroidectomy. 

The purely medical treatment of thyro- 
toxicosis was reserved for those who had 
had 1 or more previous thyroidectomies 
and exhibited recurrences; for the aged 
who proved to be poor surgical risks; for 
patients with advanced cardiac failure; 
and for those who refused surgical treat- 
ment. Fifteen such patients were treated 
with thiouracil alone. Though the number 
is small, the duration of treatment and 
length of follow-up afforded us an oppor- 
tunity to observe what may be expected 


average period of approximately 15 months 
and of these, 3 have remained symptom- 
free for from 21 to 23 months. We must 
not consider these sustained remissions as 
cures. A much longer period of observa- 
tion and the use of newer preparations 
may alter these conclusions. Tentatively, 
we can say that the anti-thyroid drugs 
precipitate a remission chemically in the 
same manner that surgery does mechan- 
ically: not by correcting a fundamental 
etiologic factor, but by producing a re- 
adjustment of the endocrine interrela- 
tionship. The incidence of recurrence 
(33%) in our series is lower than that 
reported by Williams,'’ and by Rose and 


TABLE 5 


(Prolonged treatment with thiouracil lengthens the incidence {66%| and duration of remission in med- 
ically treated patients.) 


Patient Diagnosis 


Previous operation 


. 


“ 


“ 


Diffuse, toxic 


OO 


Toxic, nodular 


“ 


L 
M 
D. 
A. 
R. 
R. 
M 
M 
B. 
M 
A. 
M. 
F. 
A. 


Pr 


Exophthalmia 


from this treatment. The therapeutic 
and maintenance doses were in keeping 
with our previously described procedure. 
Patients were arbitrarily treated from 8 
to 12 months. The average length of 
treatment was 10 months. Reference to 
Table 5 will indicate the variety of cases. 
The type of goiter bore no relationship 
to the period of remission or incidence of 
relapse. Five patients experienced recur- 
rence of symptoms after treatment was 
stopped. These occurred between 6 and 
12 months after discontinuing the thio- 
uracil. This represents an average of 
8 months of freedom from symptoms 
before recurrence. Ten have shown no 
recurrence of the thyrotoxicosis for an 


Thiouracil 
treated 
(mos, ) 


Period of 
remission 
(mos.) 


Relapsed 
after treat. 
(mos.) 


12 
6 
21 
7 
13 
23 
10 
14 


23 
19 


13 
14 


MecConnell."* The higher incidence of re- 
missions (66%) is apparently due to the 
prolonged period of treatment. Though 
the incidence of remissions bears a direct 
relationship to the duration of treatment, 
it must be borne in mind that prolonged 
treatment also increases the probabilities 
of toxic reactions supervening. This was 
exemplified in 2 patients who developed 
leukopenia 5 to 6 months after the initia- 
tion of treatment. With the advent of 
less toxic preparations the criteria for the 
choice of patients to be treated medically 
may be modified to include a larger group 
because prolonged use of the drug may be 
employed with greater safety. Prolonged 
treatment may increase the duration of 
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the remission. Recourse to surgery can 
still be had for those medically treated 
patients who relapse into the thyrotoxic 
state after treatment has been discon- 
tinued. 

The resumption of the use of thiouracil 
after the recurrence of symptoms did not 
interfere with its efficacy, nor did it pre- 
clude changing to propylthiouracil in any 
of our patients. Three patients were given 
propylthiouracil immediately after being 
controlled with thiouracil without any 
loss of effect of the drug, while 5 patients, 
whose symptoms had recurred after dis- 
continuing thiouracil for a period of 6 to 
12 months, responded favorably to treat- 
ment with propylthiouracil. 

Discussion. The basal metabolism rate, 
the galactose thyroid function test, and 
the determination of the serum cholesterol 
were employed as diagnostic and thera- 
peutic guides in 100 patients treated with 
thiouracil and propylthiouracil. The basal 
metabolism rate and the galactose test 
complemented each other in some cases 


hoth for diagnosis and treatment. The 
determination of the basal metabolism rate 
still remains the simplest and most desir- 
able laboratory procedure. The galactose 
test is an excellent, and in some cases, a 


more informative supplement. The de- 
termination of the serum cholesterol alone 
affords practically no information regard- 
ing the improvement of the patient under 
treatment. 

The prophylactic use of “solubilized” 
liver in conjunction with thiouracil did 
not prevent the occurrence of 1 case of 
agranulocytosis, 1 of granulopenia and 2 
of leukopenia. The subsequent use of 
large doses of lactis casei factor (folic 
acid) and of intravenous injections of 
pyridoxine’ did not stimulate the granulo- 
cytes. The administratioa of 50,000 units 
of penicillin every 3 hours combated infec- 
tion sufficiently long to allow spontaneous 
granulocytosis to occur in a case of 
agranulocytosis, The patients who de- 
veloped toxic reactions to thiouracil were 
able to take propylthiouracil without ill- 
effects. The leukocyte count of the 
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patients with leukopenia returned to nor- 
mal after this change of drugs. The only 
toxic effect that we observed with the use 
of propylthiouracil was the development 
of transient urticaria in 3 patients. 

The markedly decreased toxic effects of 
propylthiouracil allow it to be employed 
for a longer period of time with compara- 
tive safety. The prolonged medical re- 
mission thus produced may be a factor in 
reducing the incidence of recurrence of 
symptoms after the drug is discontinued. 
The medical treatment should be reserved 
for patients with mild diffuse toxic goiter 
without exophthalmos and without too 
much enlargement of the thyroid, as well 
as for those who are not considered satis- 
factory surgical risks. 

It should be emphasized that toxic 
nodular goiters should not be treated for 
a prolonged period of time in a desire to 
effect a sustained medical remission. The 
experimental work of Bielschowsky* and 
the subsequent confirming work of Can- 
tarow et al.‘ indicated that the hyperplastic 
action of thiouracil on the thyroid gland 
in the presence of a carcinogenic agent 
such as 2-acetylamino-fluorene, caused 
localization of the carcinogenic effect in 
the hyperplastic gland. In the light of 
this work it would appear advisable to 
subject toxic nodular goiters that are 
prepared with thiouracil to subtotal thy- 
roidectomy. The surgical treatment re- 
mains the treatment of choice. The mor- 
tality rate of 0.73% as reported by 
Lahey® in the pre-thiouracil era has been 
reduced to 0.17 % since the advent of the 
combined use of iodine with thiouracil. 
Because propylthiouracil offers more safety 
than thiouracil, its use in the pre-surgical 
preparation and in the medical treatment 
will be expanded. The progress of time 
will permit a more secure appraisal to be 
made of the remissions that are secured 
with the anti-thyroid drugs. In the mean- 
time, we have at our disposal drugs, which 
when used judiciously and with vigilance, 
will decrease the period of hospitalization 
and the mortality rate in surgically treated 
patients. 
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Summary and Conclusions. 1. The 
clinical effects and the laboratory response 
to thiouracil and propylthiouracil were ob- 
served in 100 thyrotoxic patients over a 
period of almost 3 years. 

2. The galactose thyroid function test 
was helpful as a therapeutic guide and as 
a diagnostic supplement to the basal 
metabolism rate in 70% of the patients. 

3. The prophylactic use of “solubil- 
ized” liver as a source of folic acid failed 


. to prevent the occurrence of 1 case of 


agranulocytosis, 1 case of granulopenia 
and 2 cases of leukopenia in thiouracil 


treated patients. Neither the use of pyri- 
doxine intravenously, nor large doses of 
folic acid stimulated granulocytosis. 

4. Propylthiouracil is less toxie and 
more potent than thiouracil and appar- 
ently can be used with relative impunity 
in thiouracil-treated patients. 

5. Ten of the 15 thyrotoxic patients 
treated medically with thiouracil showed 
a remission of from 7 to 23 months. 

6. The pre-surgical preparation of thy- 
rotoxic patients with the antithyroid 
drugs lessens the mortality rate and de- 
creases the period of hospitalization. 
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OPPEL: STUDIES OF 


BLOTIN) METABOLISM IN MAN 


STUDIES OF BIOTIN METABOLISM IN MAN* 


IV. STUDIES OF THE MECHANISM OF ABSORPTION OF BIOTIN AND THE EFFECT 
OF BIOTIN ADMINISTRATION ON A FEW CASES OF SEBORRHEA 
AND OTHER CONDITIONS 


By W. M.D. 


ASSISTANT PROFESSOR OF CLINICAL MEDICINE 


Biotin remains one of the group of 
B vitamins that has not been responsible 
for clinical deficiencies in man. This 
could readily be explained by the fact 
that intestinal synthesis produces very 
adequate amounts of biotin, as was sug- 
gested in Part II of this series of papers." 
Since that report was published in 1943, 
others’*>.°!° have shown that almost all 
of the B vitamins are synthesized in the 
human colon. These include thiamine, 
folic acid, and others, the lack of which 
causes deficiency states. Thus it would 
seem possible that unusual circumstances 
might occur that would lead to a biotin 
deficiency. The facts that a normal con- 
stituent of the diet, namely raw egg white, 
interferes with biotin utilization, and that 
sulfa drugs inhibit bacterial growth in the 
colon, suggest possible ways to interfere 
with this protective mechanism. These 
facts have been utilized to produce biotin 
deficiency in animais. The present experi- 
ments were designed to study their sig- 
nificance in man. A search has also been 
made for evidence of states of biotin defi- 
ciency with the aid of a tolerance test and 
some suspected cases have been treated 
with biotin. 

There have been 3 attempts to produce 
biotin deficiency in humans. In all of 
them, avidin in some form was used. 
The first reports were made in 1942 by 
Sydenstricker, Singal, Briggs, DeVaughn 
and Isbell." They used 7 human volun- 
teers but were able to complete their 
experiments with only 4. The diet given 
was, designed to be low in vitamin B 
members, though no estimates of its biotin 
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content were made. It contained 200 gm. 
of dehydrated egg white which was taken 
in solution in 3 equal portions with each 
meal. Usually the egg white furnished 
more than 30% of the total daily caloric 
intake. Changes were noted during the 
3rd and 4th weeks when all subjects 
developed a fine scaly dermatitis. This 
cleared, but skin or mucous membrane 
changes developed later. After the 5th 
week mental or nervous symptoms resem- 
bling, experimental thiamine deficiency de- 
veloped. The urines at about this time 
showed a marked reduction of biotin con- 
tent, from a normal of 29 to 62 yg. per 
24 hours to about 3.5 to 7. This rose 
rapidly after the injection of a_ biotin 
concentrate, about 150 yg. of which were 
required daily for relief of symptoms. 
The second report of an attempt to pro- 
duce biotin deficiency in man was made 
by Rhoads and Abels in 1943." — This 
experiment was done with the hope that 
a biotin deficiency might delay the course 
of mammary carcinoma in | patient and 
Diets containing 
46 to 60 ug. of biotin were used and they 
were supplemented by raw frozen egg 
white, dried egg white and avidin con- 
centrates. For the first 12 weeks, the 
equivalent of 1000 to 1200 units of avidin 
was used (1 unit of avidin inactivates 1 yg. 
of biotin). This was later increased by 
500 to 750 units for the next 16 weeks and 
finally by 1000 to 1250 units for the last 
2 weeks. In spite of these large amounts 
of avidin, no decrease of the urinary ex- 
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cretion of biotin occurred* and no signs 
of deficiency disease simulating those 
described by Sydenstricker and _ his 
co-workers appeared. 

Kaplan’ gave egg white or avidin con- 
centrate to 10 patients with malignant 
disease. A general diet as free as possible 
from food rich in biotin was used, and 
was supplemented with from 36 to 42 egg 
whites per day. Later in the study, an 
avidin concentrate capable of inactivating 
2000 ug. of biotin per day was used. 
Most of the patients were observed for 
many months, and none of them showed 
any signs of a biotin deficiency. Urinary 
excretion studies were not reported. 

The failure of 2 of these 3 groups of 
workers to produce a biotin deficiency by 
administering large amounts of avidin is 
difficult to explain, and the discrepancy 
between the results is also confusing. 
Several possibilities suggest themselves. 
Avidin is a relatively insoluble material 
and it may not have been available for 
this reason in the experiments by Rhoads 
and Abels,"® and by Kaplan.’ Since avidin 
is thought to prevent the absorption of 
biotin from the intestine, another explana- 
tion would be that the avidin-biotin com- 
plex is not stable in the human intestinal 
tract. All of the patients who could not 
be made biotin-deficient had malignant 
disease, and the possibility exists that they 
utilize biotin differently for this reason. 
Our first group of experiments was done to 
test these possibilities. 


Methods and Results. A biotin tolerance 
test was devised. Twenty-four hour urines 
were collected from patients on an unre- 
stricted diet, and after a control day, a dose 
of 500 ug. of biotin was given which caused 
a marked increase in urinary output above 
the normal. Several days after the first 
dose, the same quantity of biotin was given 
with 250 mg. of avidin, an amount which 
completely inactivated this much of biotin 
in the test-tube. The avidin was given in 
various ways. It was dissolved in ammo- 
nium sulfate, it was mixed with biotin in 
milk, and powdered biotin and avidin were 


mixed and given in capsules. Four patients 


.were used. Two of them had pernicious 


anemia, and were shown to have no free 
hydrochloric acid in their gastric contents. 
The other 2 patients had malignant disease. 
One had a bronchogenic carcinoma and the 
other had chronic myelogenous leukemia. 


The results of these experiments are 
given in Table 1. They show that the 
avidin, by all methods of administration, 
effectively prevented the biotin from being 
excreted by all the patients and that 
avidin and biotin react in the human 
intestinal tract of patients with achlor- 
hydria or malignant disease in the same 
way that they do in normal animals. 

A study of biotin absorption from the 
colon was next made. Two subjects who 
had shown a striking increase in the urin- 
ary output of biotin after an oral test 
dose were given a dose by rectum. The 
biotin was dissolved in a few ce. of water. 
It caused an increase in the urinary output 
that was smaller than that which followed 
an oral dose, but large enough above the 
normal to indicate definite absorption 
(Table 2). The effect of sulfa drugs on 
the suppression of synthesis of biotin was 
also studied. We thought that a biotin 
tolerance test might indicate some degree 
of unsaturation in patients who had taken 
sulfa drugs for varying periods of time. 
In 6 normals, the amount excreted on the 


biotin day was 4 to 10 times that elimi- 


nated on the control day and varied from 
245 to 337 ug. Two patients, 1 of whom 
took sulfadiazine for 2 weeks, and the 
other for 2 months, were tested. No evi- 
dence of biotin unsaturation could be 
demonstrated. A similar procedure was 
carried out on a patient who took sulfa- 
suxadine in doses of 9 gm. per day for 
16 days. His tolerance test showed a 
decidedly smaller output of biotin after 
the sulfasuxadine period than before, and 
suggested some degree of biotin unsatura- 
tion. However, his urinary output on the 
16th day of sulfasuxadine was normal 


(Table 2). 


* The method of biotin assay used measured both the true and the non-combinable biotin, described 


in Part III of this series. 
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Two other patients were studied with 
much more detail. They were kept on a 
diet free from liver, kidneys and sweet- 
breads but otherwise unrestricted. Such 
diets probably contain less than 65 yg. of 
biotin per day." With each meal they 
drank a glass of milk containing the 
whites of 2 raw eggs. This much raw egg 


was saved. Every 4th night a dose of car- 
mine was given which could be identified 
in the stools, and each 4 days’ stool 
specimens were pooled, dried and analyzed 
for biotin according to the procedure pre- 
viously described."' The results of the 
study on | patient are shown in Figure 1. 

This patient, who was 45, had a hepa- 


TaBLeE 1.—ErFrect or BioTIN anp BioTIN PLUS AVIDIN ADMINISTRATION ON THE URINARY 
oF BIOTIN 


Biotin per 24 hrs. 
Day (ug) 


28 


140 500 ug. of biotin 


1 

2 

5 
6 
7 


33 500 ug. of biotin 


237 500 ug. of biotin 


SS 500 ug. of biotin 


or 


211 500 ug. of biotin 


38 500 ug. of biotin 


to 
o 


366 500 ug. of biotin 


ne 


125 500 ug. of biotin 


21 500 wg. of biotin 


to 


white contains enough avidin to inactivate 
about 115 yg. of biotin. In addition, they 
were given sulfasuxadine, sulfathalidine, 
or streptomycin by mouth to arrest bac- 
terial growth and biotin synthesis in the 
colon. Since vitamin K is also synthe- 
sized by colonic bacteria, they were given 
oral vitamin K and their prothrombin 
times were followed. Each day’s urine 


500 ug. of biotin 


500 ug. of biotin 


Remarks 
in milk 
and 250 mg. of avidin in milk ‘ 


and 250 mg. of avidin in (NH4)eSO, in milk 


in capsules 


and 250 mg. of avidin in capsules 


in capsules 
and 250 mg. avidin in milk 


in capsules 


in capsules 
and 250 mg. avidin in capsules 


in capsules 


toma of the liver. He ate poorly but took 
the milk and egg white faithfully. He 
was out of bed and his-general condition 
remained fairly good until the day before 
the end of the experiment when he devel- 
oped an interperitoneal hemorrhage from 
which he died. He showed a marked de- 
crease of biotin synthesis in the stools 
and a fall of the urinary output to a low 
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level. There were no clinical signs sug- 
gestive of a biotin deficiency, possibly be- 
cause the experiment did not last long 
enough. 

A second patient was selected with the 
hope that he could be carried on the 
program long enough to be made deficient. 


Streptomycin 
Control (3 gm. daily) 


ig 


Is 


Micrograms of Biotin 


Is 


He was 63 and had chronic myelogenous 
leukemia, recently brought into remission 
by Roentgen ray therapy. He was not 
strong but was out of bed and ate fairly 
well. At first he was given 9 gm. of sulfa- 
suxadine a day because 15 gm. had 
caused diarrhea in the other patient. On 


Streptomycin 
(3 gm. daily) 
plus 
Sulfasuxadine Sulfasuxadine 
(15 gm. daily) (15 gm. daily) 


Average Daily Stool Output 


Micrograms of Biotin 


Daily Urine Output 
Fic. 1.—Effect of drugs on biotin synthesis. 
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the 5th and 6th days, his (undiluted) 
prothrombin time became prolonged (the 
diluted prothrombin time remained nor- 
mal) and the sulfasuxadine was stopped 
and 3 mg. of vitamin K were given par- 
enterally. Two days later, his prothrom- 
bin time was normal and 6 gm. of sulfa- 


TABLE 2. 


IN MAN 


formation. ‘The experiment was discon- 
tinued after 46 days. A tolerance test at 
this time showed a slightly lower value 
than the test done before the sulfa drug 
was given (Table 2). 

While these metabolic studies were un- 
derway, another group of patients was 


Biotin ToLerRaNce Tests 


Urinary output of biotin (ug.) 


Day of test: 1 

Diagnosis 
78 337 
44 259 

42 311 

29 294 

38 303 

A.S. heart disease. . . . 57 244 
104* 


42 263 
Bacterial endocarditis — a 148 
43 95 


46 416 
59 
24 
56 
Peptic ulcer : 23 
54 
Neoplasm 
10 
“ 28 
Leukemia a . 40 
15 


Seborrheic dermatitis . 39 
“ “ 15 


15 
10 
52 
Atopic dermatitis 41 
Alopecia totalis 
Alopecia areata . 40 
Myotonia congenita 


Aplastic . 49 
Pernicious anemia . 38 
“ 25 
“ 82 
Non-tropical sprue . . . 381 


thalidine was begun. This was later in- 
creased to 8, 10 and finally 12 gm. a day. 
The patient had no diarrhea, his appetite 
and strength improved and he gained 
weight. There were no clinical signs ofa 
deficiency state and his stool and urine 
analysis showed no decrease of biotin 


2 
(500 yg. of biotin) 


Remarks 


* 1 mg. biotin by rectum 


Before sulfasuxadine 
After 16 days of sulfasuxadine 


After 2 weeks of sulfadiazine 
500 ug. biotin by rectum 


After 8 weeks of sulfadiazine 


Incomplete specimen 


Before sulfa drugs 
After 46 days of sulfasuxadine 
and sulfathalidine 

After 20 days 250 yg. biotin daily 
After 14 days 250 ug. biotin daily 
After 29 days 250 yg. biotin daily 
After 20 days 250 ug. biotin daily 
After 13 days 250 ug. biotin daily 


After 19 days 250 yg. biotin daily 


After 7 days 1 mg. biotin subcou- 
taneously daily 


After 19 days 250 ug. biotin daily 


observed for evidence of biotin deficiency. 
For the past 15 or more years various 
workers have suggested that certain dis- 
ease states may be due to a lack of biotin 
(vitamin H), but the first report of 
clinical case was made by Williams"® in 
1943. His patient, a 66 year old man with 
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eccentric dietary habits, had consumed 2 
to 6 dozen raw eggs per week as part of 
an otherwise poor diet which included 
large amounts of wine. When admitted 
to the hospital, his entire face, ears, 
shoulders, dorsum of the forearms, hands 
and lower legs were fiery red and covered 
with medium sized scales. On the ward 
diet, the rash promptly cleared and it 
did not return when egg white and a low 
biotin diet were later given. The next 
report of human biotin deficiency was 
made during the last year by Chavarria* 
and co-workers from Costa Rica. They 
observed that children with vitamin B 
deficiency of severe degree developed 
canities and alopecia which disappeared 
when the other manifestations of the 
deficiency state were cured by a good 
diet. They thought that the addition of 
0.25 mg. of biotin 3 times a day acceler- 
ated the return of the hair to normal. 

Our studies were made principally of 
patients who might be expected to have 
evidence of vitamin B deficiency or who 
had skin or hair changes resembling those 
in biotin-deficient animals. Biotin defi- 
ciency has now been produced in the 
chicken, duck, rat, mouse, hamster, rabbit, 
dog, pig, calf and monkey, and the picture 
is quite similar in all of them. It is 
mainly a loss of hair (or feathers), a 
seborrheic type of skin rash and, in the 
late stages, the development of a sudden 
and severe paralysis. The latter has been 
shown to respond to potassium adminis- 
tration and resembles periodic family 
paralysis."*'* There have been no lesions 
in the central nervous system. 

We used the following program in our 
study of patients. A biotin tolerance test 
was done to look for evidence of low biotin 
excretion in the urine or biotin unsatura- 
tion of the tissues. In some instances, a 
stool was analyzed to see if biotin was 
being synthesized. To several patients, 
250 ug. of biotin a day was given for 4 to 
8 weeks to see if it would improve the 
clinical condition. On these patients, a 
24 hour urine was examined 1 week or 2 

after therapy began to see if the biotin 


was being utilized or excreted in the urine. 
The results seemed to indicate in every 
instance that the dose was adequate. In 
a few instances larger doses were admin- 
istered but the test always showed that 
about half of the biotin administered was 
eliminated in the urine. The results of 
these procedures are shown in Table 2. 
Most of the patients responded to the 
tolerance test in the same way as the 
normals, excreting about half the test dose 
or more. A few patients excreted rela- 
tively small amounts after a test dose 
which may indicate that their tissues were 
unsaturated. It is of considerable interest 
that 4 of the 5 patients with seborrhea 
had low values, excreting less than a third 
of the test dose. These patients all re- 
ceived biotin daily for 1 month or more 
with the following results. The first pa- 
tient had seborrhea and mild dermatitis 
of the scalp which seemed to improve in 
about 1 week and did not recur for several 
months. The second patient had an ex- 
tensive dermatitis of the face and scalp. 
This showed slight improvement for 
1 month, after which it relapsed while 
under treatment. The third patient had 
a mild dermatitis on many areas of the 
body and developed an acute generalized 
dermatitis from the overzealous use of 
local remedies. While this reaction was 
subsiding, he was given biotin and only 
bland local therapy on which he did well. 
When the skin was healed, he still had a 
very oily skin on the face and scalp. The 
fourth patient had seborrhea of the scalp 
and a dermatitis in the interscapular 
regions. Neither condition changed under 
therapy. The fifth patient had a classical 
seborrhea of the scalp with dermatitis at 
the hair-line, ears and nasolabial fold. It 
did not improve in 4 weeks of treat- 
ment. In addition to the 5 patients with 
seborrhea, biotin was also given to 2 pa- 
tients with alopecia areata and 1 with 
atopic dermatitis without beneficial effect. 
They also received 250 yg. daily for 1 to 
2 months. Stools were analyzed on most 
of these skin patients and all were found 
to have biotin in normal concentration, 
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In view of the report from Costa Rica,’ 
we were very hopeful that a patient with 
pernicious anemia end premature white 
hair would benefit from biotin adminis- 
tration. She was 39 years old and had 
been studied at this hospital for 20 years. 
At the beginning of her illness, the diag- 
nosis was not clear, but later it was 
found that she could be kept in good 
general health and a normal blood count 
could be maintained by large doses of 
liver or folic acid. Neither of these treat- 
ments had affected her gray hair. This 
began shortly after the onset of her 
anemia and had progressed gradually 
until it became marked. All of the hair 
on her body had become smaller in diam- 
eter and had completely lost its pigment. 
It had been that way for 5 years when 
our experiment was made. She showed 
biotin present in the stool and a normal 
urinary excretion and response to a toler- 
ance test. After 19 days of 250 ug. of 
biotin a day, she eliminated 209 ug. of 
her daily dose, a result which seemed to 
indicate quite a high degree of saturation 
of the body with biotin. 'Two months 
of biotin therapy had no definite effect 
on the canities. There had been no hair 
loss and no new hair grew. There have 
been reports that patients with pernicious 
anemia are deficient in several of the B 
vitamins by chemical test.! Our 2 other 
patients with pernicious anemia and | 
with non-tropical sprue showed a normal 
response to the biotin tolerance test. 

In the third paper of this series," it was 
shown that 2 biotin-like materials are 
excreted in human urine. One combined 
with avidin and thus reacted like true 
biotin. The other failed to combine with 
avidin and it was suggested that it might 
be a breakdown product of biotin which 
was excreted in the urine. The urinary 
excretion of this non-combinable material 
was measured throughout all these experi- 
ments. It showed no variations that could 
in any way be related to variations of 
biotin intake or urine value. The biotin 
values of 15 urines were measured by S. 
cerevisie plus avidin and L. casei methods, 
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Values for true biotin were the same by 
both methods but there was no non-com- 
binable material in urine when measured 
by the L. casei assay. These findings do 
not support the idea that non-combinable 
biotin is a metabolic product of biotin. 

Discussion. The theoretical problem in- 
volved in producing a biotin deficiency in 
man with avidin seems to be to prevent 
the absorption from the human intestinal 
tract of about 50 ug. of biotin a day from 
food and several times that amount formed 
by intestinal synthesis. Nearly complete 
fixation of the biotin is probably necessary, 
since the daily minimal requirement is 
doubtless satisfied by only part of this 
amount. Avidin in sufficient quantity to 
combine with 1000 to 2000 yg. of biotin 
did not accomplish this fixation in either 
the experiments of Rhoads and Abels” or 
those_of Kaplan.’ According to the cal- 
culations, they gave more avidin than 
Sydenstricker and his associates, which 
makes it apparent that the problem is not 
based on avidin dosage only. The relative 
ratios of biotin to avidin in these experi- 
ments cannot be calculated, since the 
biotin content of all the diets is not known 
and it is possible that this ratio and other 
factors, such as the form in which biotin 
is given,® are also important. Our experi- 
ments show that avidin inhibits the use 
of biotin by man and animals in the same 
way and there is nothing so far to indicate 
that the production of a biotin deficiency 
in man with avidin is not primarily a 
problem of using proper quantities and 
ratios. 

In our experiments with sulfa drugs, 
ordinary dosages have not seriously im- 
paired biotin synthesis. The type of 
drug and factor of dosage are important, 
and large doses of sulfasuxadine almost 
completely stopped biotin synthesis in 1 
subject’s colon. The 20 ug a day he was 
eliminating in the feces are partly ac- 
counted for by the biotin contained in 
the 6 egg whites and in the food biotin 
which was fixed by the avidin in the egg 
whites. It would thus seem that synthesis 
was almost completely stopped. Whether 
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this inhibiting action of non-absorbable 
sulfa drugs can be maintained long enough 
to produce a biotin deficiency state in man, 
remains to be seen. It has been done in 
animals in less than 6 weeks. More 
work is needed to see how much harm 
can result from the inhibition of vitamin 
synthesis in man by sulfa drugs. 

The study of patients with the aid of 
a tolerance test showed a low response 
by 4 of the 5 with seborrhea. This finding 
lends support to the idea, which has been 
proposed by several workers, that human 
seborrhea is related to biotin deficiency. 
Treatment of these patients with biotin 
has shown no consistent evidence that 
the treatment was of value. In a few 
other conditions with skin and hair dis- 
turbances, biotin has also failed to have 
any definite effect. No harmful effect of 
biotin administration for several months 
has been observed, and the results of urine 
output studies indicate that larger doses 
of biotin probably would not have done 
more good. The results thus do not indi- 
cate that any of the conditions studied 
are related to a lack of biotin. 


Summary and Conclusions. |. An oral 
dose of 500 ug. of biotin given to human 
subjects as a tolerance test caused a 
marked increase in 24 hour urine output. 
In a group of normals, this varied from 
245 to 337 ug. The same dose given with 
250 wg. of avidin caused no increase of 
urinary output. Biotin given by rectum 
‘aused an increased urinary output. 

2. Sulfa drugs in ordinary doses did 
not seriously interfere with the synthesis 
of biotin by bacteria in the colon, but large 
doses of sulfasuxadine caused almost com- 
plete inhibition of biotin synthesis. 

3. A tolerance test showed that 4 out 
of 5 patients with seborrhea had a low 
urinary output after’a test dose. Biotin 
administration to these and to a few other 
patients with skin disorders had no defi-. 
nitely beneficial effect. 

4. Marked variations in the urinary 
output of biotin were associated with no 
consistent change in the urmary output 
of non-combinable  biotin-like material. 
The urine values for biotin in assays done 
with S. cerevisie and L. casei were the 
same. With L. case?, no non-avidin com- 
bining material was found. 


The technical assistance of Mrs. Marion Goldberg Laeger is gratefully acknowledged. Supplies of 
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PENICILLIN THERAPY IN SUBACUTE BACTERIAL ENDOCARDITIS 


By Bernarp M. WAGNER 
MEDICAL STUDENT 
PHILADELPHIA, PENNSYLVANIA 


(From the Hahnemann Medical College) 


AFTER the bacterial nature of this 
disease was demonstrated, there followed 
countless efforts to effect a “cure” by 
sterilization of the blood stream. It 
seemed, however, that the very character 
of the local endocardial focus defeated 
the therapeutic efforts. Masses of bac- 
teria multiplying within a dense network 
of fibrin and blood cells and slowly de- 
stroying the valve are the essential patho- 
logic lesion. A considerable list of various 
substances for oral, subcutaneous or intra- 
venous administration were tried. Hexa- 
methylenamine, quinine, salicylate, aniline 
dyes and various preparations of silver, 
mercury and arsenic all proved to be 
clinical failures.*** A review of the re- 
corded cases reveals that the disease may 
end in apparent recovery but this is rare.? 

With the advent of the sulfonamides, 
new hope was given to the problem. 
Sulfanilamide, sulfathiazole sulfa- 
diazine were given clinical trials" resulting 
in the adoption of sulfadiazine as the 
drug of choice. Attempting to break 
down the endocardial vegetations to reach 
the organisms, massive doses of sulfadia- 
zine, intravenously and by mouth, were 
given. This therapy produced a blood 
concentration of from 40 to 85 mg. per 
100 ec. of blood. Untoward results, 
renal, gastric and on the blood, were con- 
sistently present. Because of these dan- 
gers and the variability of the results, 
sulfonamide therapy alone was concluded 
to be largely a therapeutic failure 2954 
(see below). 

Anticoagulants were introduced for the 
solution and prevention of the thrombo- 
vegetative lesions. Heparin was the drug 
advocated and after many applications, 
efficient and conscientious efferts proved 
heparin to be a clinical disappointment. 
The antibiotics, chiefly penicillin, opened 


a promising field of therapy. Penicillin 
and heparin were administered together 
with varying results. It has been clini- 
cally shown that the cases which responded 
successfully were due to penicillin alone. 
The use of heparin or any anticoagulant 
has lost favor in the treatment of subacute 
bacterial 

In the last 5 years reports have been 
slowly coming in stating the efficacy of 
penicillin. A sizable literature has ac- 
cumulated and the prognosis of a previous 
uniformly fatal disease has changed. It 
is the purpose of this paper to correlate 
the facts obtained and review a large num- 
ber of cases so that adequate conclusions 
may be made. This paper reviews 521 
cases recorded in the literature all treated 
with penicillin. A careful analysis will 
attempt to elucidate a scheme regarding 
the dosage, route of administration and 
proper duration of therapy. 

SUSCEPTIBILITY OF THE ORGANISM. All 
organisms isolated from the blood must 
be tested for their susceptibility to the 
type of penicillin which will be adminis- 
tered. This rule must be followed without 
exception. 

Not infrequently a patient suffering 
with this disease is started on relatively 
small doses of penicillin before a positive 
blood culture is obtained. This practice 
is decidedly detrimental to the prognosis 
of the case. The organism may lose its 
sensitivity to penicillin, while the chances 
of obtaining a positive blood culture are 
lessened in spite of the addition of pen- 
icillinase to the culture material. Un- 
doubtedly the endocarditis progresses and 
further embarrasses the heart. Neverthe- 
less, it is best to withhold penicillin unti! 
a positive culture is obtained. 

Fourteen patients presented overwhelm- 
ingly positive clinical signs and symptoms. 
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though repeated blood cultures failed to 
reveal a causative organism. Massive 
doses of penicillin were instituted and sub- 
sequent blood examination during therapy 
revealed organisms sensitive to penicillin. 
This method is too hazardous to the pa- 
tient and is not recommended, although 
a clinical cure may be effected. If the 
routine methods fail to demonstrate a 
bacterial etiology, then anaérobic and 
arterial cultures should be tried. 

The routine test tube serial dilution 
method or a modification of the Hobby* 
method was used to determine in vitro 
sensitivity. In 469 cases (90.1%) of the 
series, the Streptococcus viridans was the 
infecting organism. This organism exhib- 
ited an average range of sensitivity, in 
vitro, of 0.01 to 1 unit per cc. Of these 
469 patients, 448 (95.5%) were considered 
as penicillin sensitive within therapeutic 
limits. The remaining 4.5% were thera- 
peutic failures due to (1) relatively high 
resistance of the organism, (2) mixture of 
organisms, (3) hidden foci of infection 
containing resistant strains. Non-hemo- 
lytic streptococci constituted 6.2% of the 
cases, B-hemolytic streptococci 1.9% and 
all others 1.8%. These last mentioned 
organisms composed those cases which 
were regarded as penicillin resistant, with 
an average range of sensitivity of 0.9 to 
6 and higher units per ec. 

A possible source of error in the above 
figures may be due to the fact that since 
the Strep. viridans group is far more sensi- 
tive to penicillin than the others, it affords 
a ready clinical success. It is quite natural 
to report the successes rather than the 
failures. However, a careful survey of 
consecutive cases treated substantiate the 
overwhelming preponderance of this organ- 
ism as the infecting agent. We may say 
then, that the common finding in this 
disease is a penicillin susceptible strain of 
Strep. viridans. 

Priest® et al. claim that in vitro sensi- 
tivity is not per se significant as regards 
ultimate success of therapy. Previous 
duration of the disease and adequacy of 
dosage are more important prognostically. 


Christie’ in his excellent paper points out 
that the resistance of the infecting organ- 
ism by ordinary methods appeared to be 
of no clinical importance within a wide 
range. Only when the organism was more 
than 10 times as resistant as the standard 
test staphylococcus did this measurement 
appear to be of therapeutic and prognostic 
significance. 

Let the reader be aware that it is the 
determination of sensitivity to penicillin 
that guides the dosage and duration of 
therapy. Repeated tests made during 
the course of treatment indicate if steriliza- 
tion, increased or decreased sensitivity is 
being effected. Some will argue that mas- 
sive doses, enough to overwhelm any 
organism regardless of its degree of sensi- 
tivity, obviate the need of these tests. 
Obviously successes will be achieved, for 
as pointed out the great majority of cases 
are sensitive. This type of “pseudother- 
apy” is frowned upon. It is to be hoped 
that physicians will not reach for their 
penicillin somewhat as a panacea. Stress- 
ing this point, Reimann* warns that 80% 
of penicillin now given is wasted because 
(1) fever is often the only indication for 
its use, (2) the dosage is too small, too 
interrupted, too large or is given longer 
than needed, (3) most important of all, 
widespread use of penicillin will gradually 
induce penicillin resistant bacteria which 
will cancel its curative effect. 

Loewe* has demonstrated a special type 
of organism which he calls “ Streptococcus 
s.b.e.”; it is for all purposes refractory to 
penicillin. Priest and McGee* isolated 
Hemophilus parainfluenze once in 4 re- 
fractory cases. The organism was not 
affected by penicillin in vitro, regardless of 
concentration. Examination revealed a 
sensitivity of the resistant streptococci to 
streptomycin of from 0.1 to 1 unit per ce. 
Streptomycin therapy was instituted with 
success. These organisms are not isolated 
with any frequency. 

The unique work of Dick and Schwartz!” 
in producing experimental endocarditis in 
dogs by repeated injection of organisms 
isolated from human cases may be of 
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interest to the reader in view of the above 
discussion. 


DosaGE AND DURATION OF PENICILLIN , 


TuHerapy. Before discussing the dosage 
of penicillin a brief summary regarding 
the source of the organisms is in order. 

Katz,2>? Priest, Annone,? Ward” and 
others have conclusively demonstrated 
that infections of the upper respiratory 
tract, extraction of teeth, tonsillectomy 
and other minor ailments were the pre- 
disposing causes in over 70% of the causes. 
In this paper 408 cases (78.4%) resulted 
from the above causes. The logical solu- 
tion of the problem of bacterial endo- 
varditis lies in the prompt and adequate 
therapy of all known bacteremias, plus the 
prophylactic use of penicillin in extraction 
of teeth and in every case of upper respira- 
tory infection or any other infection in 
patients suspected of having valvular in- 
volvement. Ideally, cultures should be 
made on all patients where a bacteremia 
occurs due to infection particularly in 
patients known to have cardiac damage. 
This led the Philadelphia Heart Associa- 
tion* to state, “ All persons suffering from 
rheumatic fever should receive penicillin 
before all operations on the upper respira- 
tory tract.” 

Thill and Meyer,” in their recent work, 
have clearly demonstrated that penicillin 
therapy must be maintained for at least 
3 days after the removal of a focus of 
infection if subacute bacterial endocarditis 
is to be prevented from developing in 
vases of known and suspected cardiac 
damage. 

The close relationship between rheu- 
matic fever and subacute bacterial endo- 
carditis is well known®** since a previously 
damaged valve predisposes to bacterial in- 
vasion. Rheumatic fever was present in 
65% of the case histories in this series. 

Sulfamenazine* has recently been used 
in rheumatic patients requiring teeth ex- 
traction as a prophylactic measure to 
combat any bacteremia which may further 
damage the heart. This drug, because of 
its low renal toxicity has been used in 


patients requiring oral surgery during the 
course of penicillin treatment. 

Before administering penicillin, all foci 
of infection should be looked for, espe- 
cially oral sepsis. Eradication of these 
foci is essential if an adequate regimen of 
therapy is to be carried 

A blood penicillin level of concentration 
to overwhelm the organism must be main- 
tained at all times. This necessarily means 
a large daily dose of penicillin. What 
constitutes an adequate dose? Many 
workers”! have shown that a serum pen- 
icillin level of from 3 to 10 ‘times the 
in vitro sensitivity of the organism is 
desirable. Why is this necessary? It 
was not completely understood”? why some 
cases with sensitive organisms require only 
2 weeks or less of treatment while others 
infected with organisms of the same degree 
of sensitivity require 6 to 8 weeks or more. 
Also, a wide variation of serum penicillin 
levels was obtained in different patients 
from the same dose by whatever methods 
given. Priest*! produced no cure in cases 
where the mean penicillin serum level was 
not above 0.5 unit per ec. and yet only 
25% required more than 0.1 unit per ec. 
for in vitro inhibition. 

A possible solution suggested is that 
as long as the organisms could multiply 
within and on the endocardial vegetations 
and serve as an active focus, therapy was 
useless. True, the peripheral blood from 
which cultures were made proved to be 
negative, but the moment the low dosage 
of penicillin was stopped, the cultures 
again became positive.‘ Therefore the 
penicillin must penetrate deeply through 
a dense meshwork of fibrin to attack the 
clumps of bacteria. Because of the very 
nature of this lesion Levine® admitted 
that “ bactericidal agents cannot penetrate 
the fibrin and tissue that surround the 
causative organisms.” “Mere steriliza- 
tion of the blood stream is not sufficient 
for a cure.” Nathanson et al.,*® in ex- 
pertly controlled experiments, reveal the 
heretofore assumed fact that penicillin can 
and does diffuse through fibrin. It can 
therefore be assumed that a definite low- 
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ering of the penicillin concentration in the 
blood is effected during penetration. 

The experiments were performed on 
B. subtilis organisms, using penicillin assay 
cups. Human fibrinogen obtained from 
the Harvard Medical Research laborator- 
ies was used. 


TaBie Errect oF SULFATHIAZOLE AND 
SULFADIAZINE ON B. SUBTILIS 
CULTURES IN FIBRIN 


Diameter of Zones of Inhibition in millimeters 


Hours sulfathiazole Sulfadiazine* 
2. 0 
4s 0 0 
ia 0 0 
92 0 0 
120 0 0 


* M/25 concentration. 


Table | reveals that there is no evidence 
of penetration of sulfathiazole and sulfa- 
diazine into fibrin. 

TABLE 2.—-EFrect OF PENICILLIN ON 
B. Susritis CULTURES IN FIBRIN 


Diameter of Zones of Inhibition in Millimeters 


Penicillin units/ee. 0.5 1 2 4 


Hours 

24. p 9 9 9 10 
48 ; 9 9 95 12 
72 . E 9 10 10 12 
96 F 10 12 13 14 
.. 12 14 
Sa 10 12 14 

168 . . 10 12 14 


Results indicate that penicillin diffuses 
freely into fibrin as compared to sulfa 
compounds. It is clear, in evaluating the 
efficiency of a drug in the treatment of 
subacute bacterial endocarditis, that the 
ability to penetrate fibrin requires im- 
portant consideration. 

In the early days of the disease, the 
vegetations are small and the fibrin com- 
ponent is relatively sparse. As the disease 
progresses the fibrin is deposited with 
‘nereased intensity and ulceration with 
‘inal destruction’ of the valve may be the 
end-result.6** Thus, the period between 
onset and treatment of the endocarditis 
vecomes vital to the patient. If penicillin 
is administered in the early stages, pene- 
‘ration is easier; therefore, the dose needed 
s small and the duration of therapy les- 


sened. Priest and others"? conclude 
that if the duration of the disease without 
treatment is greater than 9 to 14 days, 
therapy must be intensified in proportion 
to the number of days without medication. 
By intensified treatment we no longer 
mean only increased dosage but prolonged 
therapy. 
TABLE 3. -EFFECTIVENESS OF PENICILLIN IN 
RELATION TO DURATION OF DISEASE 


Organism: Strep. viridans; average sensitivity: 
0.05 unit ‘ec. 


Clinical 
No. Daily dose Duration cure 
cases (units) (days) (%) 
30 100-200,000 14-21 56.1 
1s 100-200,000 28—40 64.3 
22 . 800-500,000 14-21 72.8 
46 300 -500,000 28-35 87.5 


Table 3 adequately explains the need of 
high dosage and increased duration to 
achieve better clinical results. None of 
these patients had received previous ther- 
apy. Thill,” Rykert,® and others’ in 
their studies caution that patients who 
had received distinctly inadequate penic- 
illin therapy before coming under observa- 
tion presented a more difficult problem, 
as far as control was concerned. Increased 
bacterial resistance and progressive endo- 
cardial lesions were the essential factors 
in producing this problem. At present 
our methods cannot tell us the state of 
the vegetative lesions. There are no defi- 
nite laboratory or clinical criteria avail- 
able for predicting in which cases the 
disease will remain permanently cured 
after treatment is stopped and in which 
cases there will be relapses. 

Another important reason for prolonged 
therapy is the matter of relapses (bacter- 
emia). Experience teaches that if re- 
lapses occur they do so within the first 4 
to 6 weeks of treatment. Relapses after 
50 days are extremely rare. Regardless 
of penicillin concentration, the bacteria 
within the vegetations are very refractory. 

Therefore, on the basis of the lesions 
and the clinical evidence the following 
plan is advocated: (1) daily dose of 
500,000 units is given for a minimum of 
28 days; (2) if at the end of this time the 
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patient is not doing well, the dose is in- 
creased to 1,000,000 units per day for 
another month; (3) penicillin serum levels 
are determined twice weekly. 

At first glance this plan may seem radi- 
cal, but a knowledge of the nature of the 
lesion, which progresses to destroy the 
valve, and of the materials used in treat- 
ment, demonstrates this time-dose rela- 
tionship to be adequate. The reader is 
again reminded that clinically, increased 
dosage is no substitute for prolonged treat- 
ment. Delay in controlling the infection 
also exposes the patient to the many 
dangerous complications of this disease 
(see below). 

RovutTE oF ADMINISTRATION. Agreed 
that treatment must last at least 1 month, 
the next point to decide is a suitable 
method of administering the penicillin. 
The method should be one which insures 
a more or less constant high effective 
level of penicillin in the blood stream. 
Penicillin is rapidly excreted. Intraven- 
ous, intramuscular or subcutaneous routes 
are the desirable modes of administration. 

The frequency distribution of plasma 
penicillin levels at } hour, 23 hours, and 
3 hours after intramuscular injections 
of 10,000, 15,000 and 20,000 units were 
carefully studied. At the end of 30 min- 
utes, the level was maximum in relation 
to the dose and dropped rapidly until it 
was 0 unit per cc. The zero level was 
reached in 3 hours with 10,000 units, 
33 hours with 15,000 units and 20,000 
units. In order to maintain plasma levels 
of 0.5 unit per ce. or higher by intramuscu- 
lar administration, continuous infusion or 
intermittent injection of penicillin around 
the clock must be used. While occasional 
cases have responded to intramuscular 
penicillin, given every 3 hours,?° this 
scheme is not advocated. For practical 
purposes, no drug remains after 2 hours 
from a single injection. If a uniformly 
high effective level is to be maintained 
by intermittent therapy, penicillin should 
be given every hour on the hour day and 
night for the entire treatment period in 
the great majority of patients. The total 


24 hour dose is divided into 24 equal 
parts each dissolved in 1 cc. of sterile 
physiologic saline and injected into the 
gluteal region. Properly executed, this 
procedure is painless when purified pen- 
icillin is employed. 

However, it is less wasteful of penicillin . 
if the muscular route is used, to give the 
penicillin by continuous intramuscular 
infusion."2 More advantageous is the 
continuous intravenous drip. Continuous 
intravenous drip is the route of choice, 
since penicillin enters the circulation 
directly and affords a faster control of the 
disease. Patients with mild congestive 
failure can tolerate the extra fluid if the 
sodium intake is low." The penicillin is 
dissolved either in physiologic saline or 
5% glucose. Thrombophlebitis is the only 
complication of prolonged injection of a 
vein, therefore the site of administration 
is often changed during therapy.” 

The administration of penicillin in pea- 
nut oil and beeswax'® to several cases has 
produced good results after a single daily 
injection of 300,000 units. This method 
has its limitations, for the patient must 
be watched, and laboratory procedures 
prevent his being “ambulatory.” At 
present this method is receiving further 
study with the more purified penicillin 
products. 

With the recent advent of highiy puri- 
fied penicillin, subcutaneous administra- 
tion has come to be of practical impor- 
tance. Experimental studies reveal an 
adequate blood level after subcutaneous 
injection equal to intramuscular injection. - 
To date this method has not been used. 
Foter et al.2° suggest that rubber tubing 
intended for continuous drips procedures 
be checked for inactivating effécts, for 
their experiments confirm reports from 
England on the inactivating effect of 
synthetic rubber upon solutions of penicil- 
lin. Clinically, this inactivating effect has 
not as yet been noticed. The preparations 
of penicillin used in this study were: (1) 
an almost pure amorphous sodium pen- 
icillin (1550 units per mg.) put up in 
200,000 unit vials; (2) crystalline sodium 


penicillin (1400 units per mg.) in 200,000 
unit vials; (3) pure crystalline potassium 
penicillin (1631 units per mg.) in 100,000 
unit vials. 

Comp.ications. <A thorough study of 
the complications encountered is not the 
purpose of this study. Brief mention will 
be made of those conditions commonly 
seen. Heading the list is congestive heart 
failure closely followed by infarction of 
the kidney, spleen, lung and brain. Pen- 
icillin will eliminate the infection of bac- 
terial endocarditis in a great majority of 
both early and late cases. In cases of 
long standing the irreparable damage done 
to the heart valves in the presence of myo- 
cardial damage manifests itself as uncon- 
trollable congestive heart failure when the 
period of treatment is completed or shortly 
thereafter.” 

Cerebral embolism is an unpredictable 
cause of death which occurs occasionally 
during the prolonged therapy. Other em- 
bolic effects are responsible for various 
organ infarets. Ward® found a micro- 
scopic hematuria in his 18 cases, and 
autopsy evidence in 2 cases showed focal 
embolic glomerulonephritis. Further in- 
formation regarding subject matter per- 
taining to this disease is not within the 
scope of this study, may be found in the 
selected papers appended. 

CRITERIA FOR Success. As stated 
above, at present there are no constant 
laboratory or clinical findings which prove 
a cure.” Some claim that the leukocyte 
count and sedimentation rate are valuable 
criteria,*' while others prove these tests 
worthless.2!_ Success can only be measured 
by the increased mental and emotional 
stability of the patient, normal tempera- 
ture and general well-being of the patient, 
easily determined by the attending physi- 
cian.) 

It cannot be stressed too much that 
hope should not be abandoned for a suc- 
cessful outcome in apparently doomed 
cases. Even though the penicillin dosage 
rises to astronomical amounts, treatment 
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should be continued for as long a time as 
is necessary for a cure, even if this is a 
matter of 

Autopsy cases of healed endocarditis 
show that the vegetations undergo fibrous 
organization.” When the fibrous tissue 
contracts, a small elevation is left on the 
deformed valve. It is believed that as the 
vegetation becomes organized during ther- 
apy, friable fibrin masses break off and 
lodge in various organs. 

As other antibiotics are discovered and 
proven clinically, their use in this disease 
will be of interest. Combination antibiotic 
therapy seems to hold even brighter hopes 
for the future. 

Summary and Conclusions. The writer 
has analyzed the reports in the literature 
of 521 cases of subacute bacterial endo- 
carditis treated with penicillin. Clinical 
arrest was effected in 371 patients (71.3%) 
who have continued to remain well. In 
an additional 95 cases (18.2%) a “cure” 
was produced in the hospital, but the 
disease recurred and the patients died 
within 3 to 4 months. No autopsies were 
performed in this group. The remaining 
55 cases (10.5%) were complete clinical 
failures. 

The following principles of treatment 
are amply justified by this composite ex- 
perience: 

1. The sensitivity of the infecting organ- 
ism to penicillin should be determined in 
vitro within a range of 0.1 to 1 unit per ce. 

2. If the organism is sensitive, the 
dosage of penicillin should be 500,000 units 
daily by continuous intravenous drip. 

3. All cases should be treated as early 
as possible. 

4. Therapy should be continued for at 
least 28 days... If the patient’s condition 
does not improve, 1,000,000 units should 
be given daily for 28 more days. 

5. The plasma level of penicillin and 
the sensitivity of the organism to pen- 
icillin in vitro should be determined twice 
a week. 


Sincere appreciation is expresssed to Dr. Charles L. Brown, Dr. Charles M. Thompson and Dr. Gregory 


F. Froio for their invaluable aid in the preparation of this paper. 


al 
le 
ne 
‘is 
n- 
in , 
1e 
ar 
1e 
as 
e, 
yn 
ye 
1e 
is 
or 
ly 
a 
a- 
AS 
ly 
st 
PS 
\t 
pr 
in 
a- 
r- 
in 
1s 
n. 
d. 
PS 
or 
m 
of 
1S 
1s 
le 
in 
m 


90 


16. 


19. 


53. 


55. 


WAGNER, PENICILLIN THERAPY IN SUBACUTE BACTERIAL ENDOCARDITIS 


REFERENCES 


. ANDERSON, D., and Kreerer, C.: Med. Clin. North America, 29, 1129, 1945. 
. ANNONE, R., and CasTaGnino, R.: La prensa med. argent., 33, 71, 1946. 
. Avery, N., Jr., Mayer, O., and Netson, R.: Ann. Int. Med., 24, 900, 1946. 
. BLOoMFIELD, A., and HaLpern, R.: J. Am. Med. Assn., 129, 1135, 1945. 


Boyp, W.: Pathology of Internal Diseases, 4th ed., Phila., Saunders, p. 140, 1944. 


. Burke, F., Ross, 8., Wausn, B., and McLenpon, P.: Med. Ann. Dist. of Columbia, 15, 22, 1946. 


CurIstTI£, R.: Brit. Med. J., 1, 381, 1946. 
Cog, J., and McCreepy, M.: Iowa State Med. Soc., J., 36, 355, 1946. 


9. Dawson, M., and Hunter, T.: J. Am. Med. Assn., 127, 129, 1945. 

. Dick, G., and Schwartz, W.: Arch. Path., 42, 159, 1946. 

. Drew, E.: Iowa State Med. Soc. J., 37, 117, 1947. 

. Favour, C., Janeway, C., Gipson, J., II, and Levine, S.: New England J. Med., 234, 71, 1946. 
. Frese, M.: Arch. Int. Med., 79, 436, 1947. 

. Firppin, H., Mayock, R., Murpuy, F., and Wo.trertn, C.: J. Am. Med. Assn., 129, 841, 1945. 
. Fuson, L.: J. Missouri State Med. Assn., 43, 310, 1946. 


GALLBREATH, W., and Hutt, E.: Ann. Int. Med., 18, 201, 1943. 


. GARRETON, A., DEL Sotvear, A. V., and DussaILLant, G.: Rev. méd. de Chile, 72, 462, 1944. 
. Geicer, A., and GoERNER, J.: New England Med. J., 235, 285, 1946. 


GERBER, I., SCHWARTZMAN, G., and Barur, G.: J. Am. Med. Assn., 130, 761, 1946. 


. I., Forer, M., and Huetsesuscn, J.: Science, 104, 479, 1946. 

. Gorerner, J., Geicer, A., and Biake, F.: Ann. Int. Med., 23, 491, 1945. 

. Hamman, L.: Ann. Int. Med., 11, 175, 1936. 

. Harris, R.: New York Med. Coll. Bull., 8, 61, 1945. 

. Hirsx, H., and Dowtine, H.: South. Med. J., 39, 55, 1946. 

. Hopsy, G., Meyer, K., and Cuarrer, E.: Proc. Soc. Exp. Biol. and Med., 50, 227, 1942. 
. Horrman, W.: J. Lab. and Clin. Diag., 31, 1165, 1946. 

. HuacuHes, R.: Brit. Med. J., 2, 685. 1946. 

. Katz, L., and Evex, 8.: J. Am. Med. Assn., 124, 149, 1944. 


Katz, L., Moxotorr, R., Howettr, K., and Brams, W.: Am. J. Mep. Sctr., 211, 395, 1946. 
Kina, R., and Evoy, R.: Northwest. Med., 45, 653, 1946. 


. Leacu, C., FauLtKNeER, J., Duncan, C., McGrnn, S., Porter, R., and Wuire, P.: J. Am. Med, 
417, 1345, 1941. 

. Levine, 8.: Clinical Heart Disease, 3rd ed., Phila., Saunders, p. 169, 1945. 

. Licutman, 8.: Ann. Int. Med., 19, 787, 1943. 

. Loewe, P., PLumMMer, N., Niven, C., Jr., and SHerman, J.: J. Am. Med. Assn., 130, 257, 1946. 
. Locan, G., and Keirn, H.: Lancet, 66, 145, 1946. 


Masset, B., and Jones, T.: New England J. Med., 235, 605, 1946. 


. Means, M., Harris, H., and Fintanp, M.: New England J. Med., 232, 463, 1945. 


Monrog, W.: Am. Heart J., 31, 651, 1946. 


. NaTHANSON, M., and LieBHo.tp, R.: Proc. Soc. Biol. and Med., 62, 83, 1946. 

. Priest, W., and McGee, C.: J. Am. Med. Assn., 132, 124, 1946. 

. Priest, W., Smitu, J.,. and McGer, C.: Arch. Int. Med., 79, 333, 1947. 

. Priest, W., Smirn, J., and McGer, C.: New England J. Med., 235, 600, 1946. 


Proceedings of Phila. Heart Assn., March, 1947. 


. Remann, H.: J. Am. Med. Assn., 132, 969, 1946. 
. Romo, F.: Arch. Inst. Card. Mexico, 73, 897, 1945. 


Rykert, H.: Canad. Med. Assn. J., 55, 543, 1946. 


. SeaBury, J.: Arch. Int. Med., 79, 1, 1947. 

§. SHeRF, D., and Boyp, L.: Cardiovascular Disease, 2nd ed., Phila., Lippincott, p. 91, 1946. 

. Sicter, L., Lonco, T., and FetpmMan, H.: New York State Med. J., 46, 624, 1946. 

. Smiru, R., Guaser, R., Harrorp, C., and Woop, W , Jr.: J. Lab. and Clin. Med., 31, 291, 1946. 
. STEELE, J.: New England Med. J., 222, 463, 1945. 

. Tutti, C., and Meyer, O.: Am. J. Mep. Sct., 213, 300, 1947. 


Tice, F.: Practice of Medicine, Hagerstown, Md., Prior, 6, 275, 1947. 


. Traut, E.: Illinois Med. J., 88, 24, 1945. 
Warp, G., Meanock, R., Se.sie, F., and Stmon, R.: Brit. Med. J., 1, 383, 1946. 


1 
2 
4 
1 
l 
] 
1S 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29. 
31 
Assn 
32 
33 
34 
35 
3S, 
39 
40 
41 
42 
44 
4 
Af 
of 
5] 


PROGRESS 


OF 


MEDICAL SCIENCE 


MEDICINE 
UNDER THE TEMPORARY CHARGE OF 


W. A. SODEMAN, M.D. 
PROFESSOR OF MEDICINE, TULANE UNIVERSITY OF LOUISIANA 


NEW ORLEANS, 


LOUISIANA 


NON-ATHEROMATOUS LESIONS OF THE CORONARY ARTERIES 
By Mitton Piotrz, M.D., F.A.C.P. 


ATTENDING PHYSICIAN, KINGS COUNTY HOSPITAL 
BROOKLYN, NEW YORK 


(From the Department of Medicine, Long Island College of Medicine) 


NoN-ATHEROMATOUS LESIONS OF THE CORONARY 
ARTERIES 
Congenital Anomalies 
. Medial Calcification of Infancy 
. Inflammatory Lesions 
A. Specific Infectious Diseases 
Syphilis 
Tuberculosis 
Other Bacterial Infections 
B. Arteritis of Unknown Etiology 
Rheumatic Fever 
Polyarteritis Nodosa 
Thromboangiitis Obliterans 
. Aneurysms 
. Embolic and Thrombotic Disease 
. Neoplasm 


THE most important disease of the 
coronary arteries is atheroma. Ninety to 
95% of all cases of myocardial infarction 
result from changes in and around an 
atheromatous plaque which result in re- 
duction of the blood supply to the affected 
area. As a result of the recognition of this 
important fact, most attention, clinically 
and investigatively, has been devoted to 
the atheroma and properiy so. Other 
lesions of the coronary arteries are clinical 
curiosities and scant attention has been 
given to them. It is the intention of this 
report to classify these changes and gather 
in one place the knowledge, especially in 
the way of recent advances, now scattered 
throughout the literature. Only the salient 


features are discussed but most of the 
important late and key references are 
given for further study. 

CONGENITAL ANOMALIES. Anomalies of 
the coronary arteries are not infrequent 
but are seldom the cause of symptoms. 
Most of the anomalies are those of origin, 
number, size or distribution. In almost all 
such cases, even when only one coronary 
artery is present, there is sufficient col- 
lateral circulation so that the heart func- 
tions normally. In none of Stryker’s® 
cases, nor in those of Knop and Bennett,*° 
was death directly attributable to the 
coronary abnormality. 

Fifty-five anomalies of the coronary 
arteries were seen at the Mayo Clinic 
between 1922 and 1944.°° In 3 cases, the 
abnormalities were multiple. There were 
28 cases of accessory coronary orifices; 
15 of aplasia or absence of a main coronary 
artery; and 15 of involvement of the 
coronary artery (11 of the right and 4 of 
the left). In 3 of these cases, the left 
circumflex branch was absent; in 9 there 
was distinct abnormality in position of 
origin of the coronary arteries; in 1 there 
was stenosis of the left coronary; in 1 the 
right coronary artery arose from the pul- 
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monary artery, and in 1, there was a 
single arterial trunk with a single ventricle 
with no aortic coronary openings but the 
right coronary artery arose from the 
carotid artery. 

Stern™ reported reduplication of the 
right coronary artery in a boy of 16 who 
died of rheumatic heart disease. There 
were 2 orifices side by side at the usual 
point of origin of the right coronary artery. 
The 2 vessels did not join during their 
course. They were both small and together 
their capacity was probably much less 
than that of a normal artery. This may 
have accounted for an unusually thin right 
ventricular wall. 

It is fairly frequent for one or both 
coronary arteries to arise above the upper 
level of their respective sinuses of Valsalva. 
In 1000 consecutive autopsies, this con- 
dition was found in 80.*° It is very likely 
that such arteries are specially susceptible 
to syphilitic disease of their orifices. 

There are many variations in the dis- 
tribution of blood to the posterior surface 
of the heart near the interventricular 
groove but these should not be described 
as anomalies. 

Anomalous origin of the left circumflex 
coronary artery has been described in 4 
cases.’ In each of these the right coronary 
artery and the left descending artery were 
of normal size and distribution. In 3, the 
left circumflex artery arose directly from 
the right sinus of Valsalva, immediately 
posterior to the origin of the right coronary 
artery. In the fourth case the left cireum- 
flex artery arose as a branch of the right 
coronary artery 1 cm. from its ostium. 

Single Coronary Artery. The presence 
of a single coronary artery is a rare anom- 
aly which was exhaustively studied by 
Krumbhaar and Ehrich** and more re- 
cently by Roberts and Loube.*’ The latter 
collected 22 cases from the literature and 
added 9 of their own, 31 in all. Among 
these, the left coronary artery was missing 
in 17 cases; the right in 11 cases; in 3 the 
identity of the missing artery was not 
evident from the description. 

For 26 patients, the age at death was 
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given, ranging from 3 days to 68 years. 
Excluding 4 children, the average age was 
45 years. Thus, the absence of one cor- 
onary artery is compatible with long life. 
In only 6 of the series could death be 
related to the anomaly; in 4 there was 
myocardial infarction. Seventeen of the 
cases were in males; 9 in females; in 2 the 
sex Was not given. 

The possible mechanism for the anomaly 
is discussed by Roberts and Loube. Three 
possibilities are given: (1) Absence of the 
anlage for one coronary artery; (2) a dis- 
placement of the anlage of one coronary 
artery so that it fuses with the anlage of 
the other; (3) occlusion by thrombosis, 
infection or maldevelopment of one cor- 
onary artery soon after its formation, with 
failure of subsequent canalization and with 
compensatory dilatation of the remaining 
vessels. 

Origin From Pulmonary Artery. One or 
both coronary arteries may arise from the 
pulmonary artery. The literature on the 
subject is extensively reviewed by Kaun- 
itz.> Two other cases were reported by 
Lyon.* 

The primitive endothelial buds which 
will later form the coronary arteries de- 
velop before the common arterial trunk 
is divided by the spiral septum into the 
aorta and the pulmonary artery. A dis- 
placement of either (spiral septum or 
endothelial buds) may result in the en- 
closure of the buds within the pulmonary 
artery. 

1. Left coronary artery arising from the 
pulmonary artery. Kaunitz was able to 
list and summarize in an excellent table 
19 cases of the left coronary artery origi- 
nating from the pulmonary artery in 
which the patient did not survive infancy. 
He added 2 more, as did Lyon et al., bring- 
ing the total number of cases in this 
category to 23. In each case there was 
hypertrophy of the left ventricle, occa- 
sionally of enormous degree. Microscop- 
ically, the muscular walls show all the 
changes, degeneration, necrosis, fibrosis, 
calcification, which characterize myo- 
cardial infarction after coronary occlusion 
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in the adult. In addition, dilated sinuses 
have been found in the left ventricle (and 
in 1 case, in the pericardium), which 
seem to communicate with the left ven- 
tricular cavity. It is possible that these 
represent functioning communications. 

The clinical picture in most reported 

cases has been remarkably constant. The 
child seems normal at birth. Several 
months later there are manifestations such 
as dyspnea, pallor, doubling up, usually 
after feeding, which seem to indicate that 
there is pain. The picture seems definite 
enough to warrant the possibility of diag- 
nosis during life, as has recently been 
demonstrated by Eidlow and Mackenzie.'”* 
They used 3 criteria: attacks of sweating, 
pallor, cyanosis, dyspnea, all seeming to 
indicate pain; heart enlargement; electro- 
cardiographic evidences of infarction, in- 
verted T, and . and deep Q;. Lyon et al.* 
suggested the diagnosis in their 2 cases, 
using similar cardiographie criteria. 

Seven patients, the literature on whom 
is surveyed by Kaunitz, have lived to 
adult life, Abbott’s patient surviving to 
the age of 64. In all cases, there were 
changes in the heart which followed the 
anomalous development of the coronary 
vessels. 

2. Right coronary artery arising from the 
pulmonary artery. Kaunitz lists 3 such 
cases, in all of which the patient survived 
to adult life, 2 dying of unrelated causes, 
the third dying at 74 of congestive 
heart failure. In Monckeberg’s case, both 
coronary arteries were dilated, the right 
being thin walled like a vein. There were 
anastomoses between the branches of the 
vessels. In Schlay’s case, both vessels were 
likewise dilated and there was abundant 
collateralization of the left artery. Ben- 
nett’s case was a man of 74 who died of 
congestive heart failure with a_ heart 
weighing 550 gm. and an old apical infarct. 
In this case, too, the right coronary artery 
looked much like a vein. 

In addition to the cases mentioned here 
(or perhaps including the first 2 of these), 
Abbott! lists 10 patients from the litera- 
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ture, all of whom survived to adult life. 
Unfortunately, the cases are not cited. 

3. Both coronary arteries arising from 
the pulmonary artery. Only 2 cases have 
been reported, in neither of which did the 
infant live beyond 10 days.?° 

4. Origin of an accessory coronary artery 
from the pulmonary artery. This is of little 
importance since the accessory artery is 
but a twig supplying a limited portion of 
the myocardium. 

Coronary artery aneurysms, presumably 
congenital, have been described since 
1887.57 They are discussed in the section 
on aneurysm. 

In some cases, there has apparently 
been a persistence and growth of the intra- 
trabecular spaces which normally are re- 
duced to capillaries. Grant'® reported, in 
a girl of 14 months, blood-filled spaces in 
the ventricular wall communicating freely 
with the cavity of the ventricle and with 
the coronary arteries. Trevor®* reported 
an intramyocardial dilatation of the right 
coronary artery. Soloff® reported the per- 
sistence of embryonal sinusoids and re- 
viewed the literature. 

Anomalies of the coronary veins are 
sometimes seen. Roberts® found 2 cases 
of “idiopathic cardiac hypertrophy” which 
had an anastomosis between the coronary 
sinus and the pulmonary artery. 

Hypoplasia. There are occasional strik- 
ing variations in the caliber of normal 
vessels. In some cases, the arterial system 
is uniformly hypoplastic.® It is probable 
that atheroma and its sequele are more 
dangerous in such hearts. 

A recent study of the embryology of 
the coronary arteries should be noted by 
all interested in congenital anomalies. 
Watkins” has studied in detail the cardiac- 
coronary circulation of the 18 mm. human 
and found that the coronary system at 
that stage of development is nearly com- 
plete. The main variations are: (1) The 
left coronary artery is much better de- 

veloped than the right. (2) The oblique 
vein of the left atrium, the anterior cardiac 
vein and the smallest cardiac veins are 
not as yet fully developed. (3) The 
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coronary sinus has not reached its defini- 
tive position. 

Medial Calcification With Fibroblastic 
Proliferation of the Intima. This lesion, 
described as “medial coronary sclerosis” 
by Brown and Richter,’ apparently con- 
stitutes a distinct pathologic entity. It 
has been given many names, the most 
satisfactory of which, medial calcification 
with fibroblastic proliferation of the intima 
has been proposed by Stryker® who also 
gives a complete bibliography and adds 
4 cases of his own. Field"* has recently 
added another case. 

All the cases have been in children less 
than 27 months old, and about evenly 
divided between the sexes. The media of 
the larger coronary vessels is extensively 
calcified and there is fibroblastic prolifera- 
tion of the intima sometimes sufficient to 
occlude the artery. 

Stryker concludes that the cause of this 
lesion is not known. “In some instances 
severe renal lesions are present, and in 
these cases the arterial lesions may rep- 
resent metastatic calcification secondary 
to an altered calcium-phosphorus ratio in 
the blood. Similar lesions are sometimes 
found in ‘renal rickets’ (renal osteo- 
dystrophy). Altered calcium-phosphorus 
ratios likewise occur in primary para- 
thyroid hyperplasia and in primary or 
destructive osseous disease, and thus these 
conditions also may be etiologic factors. 
Calcification of arteries has occasionally 
been observed following an intake of ex- 
cessive amounts of vitamin D. Other 
possible causal factors that have been 
considered include pyogenic infection, 
syphilis and allergy. None of these, how- 
ever, is present in all cases of medial cal- 
cification, and thus no one of them can 
be accepted as the sole cause. The most 
attractive hypothesis is that in all cases 
an embryonally weak protoplasm is present 
in these infants, and on this poor ground 
substance any one of many factors may 
act as a precipitating mechanism. Such 
a weakness of the protoplasm has been 
postulated (by H. G. Wells in E. V. 
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the Problem) as a factor in arteriosclerosis 
of the adult type and may be equally a 
factor in the infantile type.” 

INFLAMMATORY LeEstons. There is little 
doubt that the coronary arteries, espe- 
cially the myocardial branches, may be 
involved in the course of any infectious 
disease. However, little has been con- 
tributed to the literature since the descrip- 
tions of Wiesel® and Wiesner.” The latter 
especially suggested the possible réle of 
such lesions in the pathogenesis or accelera- 
tion of atherosclerotic changes. 

Arteritis may arise by extension from 
neighboring tissues or be mycotic in origin. 
Secondary thromboses may occur.  Pri- 
mary arteritis of the coronary vessels has 
been described.?7 

Obliterating endarteritis has been men- 
tioned by some authors. It is possible 
that such cases may have been the end 
result of acute inflammatory processes. 

There is fairly frequent involvement of 
the coronary arteries in subacute bacterial 
endocarditis and there is a high percentage 
of areas of myocardial infarction in that 
disease. 

SYPHILIS. Syphilitic narrowing of the 
coronary arteries is not uncommon in 
syphilitic aortitis and occurs in about 
20% of such cases* (33%5). However, 
myocardial infarction secondary to the 
stenosis is rare and occurs in only 7.5%* 
(7.7%) of cases in which narrowing occurs. 
In a group of 326 cases of myocardial in- 
farction at the New Orleans Charity 
Hospital, only 3 were secondary to syphilis. 
Among cases of luetic coronary narrowing, 
the age range was 20 to 70, the average 
age was 45. Both coronaries were involved 
in 72.5% of cases. - If only one artery is 
involved, it is more commonly the right. 
The Wassermann reaction is positive in 
96% of cases. In the vast majority of 
cases, there is an associated aortic insuf- 
ficiency. In some instances, there may 
be associated aortic mural thrombi and 
rarely, coronary embolism.” Recently,** 
a case of narrowing of the coronary orifice 
by syphilis, without associated atheroma 
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or complete occlusion but with myocardial 
infarction, has been described. 

Syphilitic aortitis is productive and 
obliterative, involving all 3 coats. The 
process usually begins with an accumula- 
tion of small round cells around the vasa 
vasorum in the adventitia. The inflam- 
mation extends along smaller vessels in- 
volving the media and intima. The muscle 
and elastic tissue of the media is replaced 
by infiltration with lymphocytic and small 
round cells and the intima is thickened 
by the formation of vascular inflammatory 
plaques. These edematous lesions may 
involve the entire root of the aorta (“‘girdle 
of Venus’’), involving the ostia of the 
coronaries Where they penetrate the wall 
of the aorta. It is said® that the incidence 
of involvement of the proximal portions 
of the coronary arteries is high because a 
branch of the coronary artery supplies the 
first portion of the aorta where aortitis is 
most common. Syphilitic lesions of the 
coronary arteries distal to their orifices are 
not common.® 

Syphilitic and arteriosclerotic involve- 
ment of the same coronary artery is com- 
mon. In syphilis, the lesion may be dis- 
tinguished by the longitudinal wrinkling 
of the intima, edematous plaques around 
the ostia, thickening of all the coats of 
the vessel, patency of the terminal artery, 
and perivascular round cell infiltration. 
In arteriosclerosis, there are no Longcope 
plaques or intimal wrinkling and the ves- 
sels are hard and brittle containing yellow 
plaques throughout the leagth of the 
artery. 

Syphilitic involvement of the ostia is 
more apt to occur if the coronary vessels 
take off abnormally high.* The process 
seldom dips down into the sinuses of 
Valsalva. 

Weinberg and Beissinger® describe a 
28 vear old white woman with presumably 
syphilitic gummatous aortitis associated 
with coronary ostial stenosis and acute 
myocardial infarction. Kobernick** de- 
scribes gumma of a coronary artery with 
occlusion and myocardial infarction. 

Clinically, the diagnosis should be sus- 


pected in every case of syphilis manifest- 
ing cardiac pain. The electrocardiogram 
often shows changes but these are non- 
specific in character unless infarction has 
taken place. The electrocardiogram will 
be affected, not by the coronary involve- 
ment as such, but by associated disease 
such as myocardial fibrosis or cardiac 
hypertrophy. 

Coronary embolism in syphilitic aortitis 
is mentioned under the section on em- 
bolism. 

Tuberculosis rarely in- 
volves the coronary arteries. It is not 
significant as a cause of coronary occlu- 
sion. It usually occurs in miliary tubereu- 
losis or in mediastinal or pericardial dis- 
ease.!8 

Bruce.Losis. Coronary involvement is 
said by Manchester® to occur in 26% of 
his cases of brucellosis but the details are 
not given. 

SALMONELLA Sepsis. Barnett and Zim- 
merman? report a case of coronary arteritis 
in sepsis due to infection with Salmonella 
choleresuis, variety Kunzendorf. There 
was thromboarteritis of the left anterior 
descending coronary artery about 2 em. 
from the aortic orifice with infarction of 
the involved myocardium. Section showed 
no endothelial cells. The remainder of 
the intima was disorganized, vascularized 
and infiltrated with small round cells and 
a few polymorphonuclear cells. The media 
was similarly involved and the elastic 
tissue was fragmented and destroyed at 
many points. The adventitia was heavily 
infiltrated and thickened. At some points, 
the cellular exudate consisted exclusively 
of polymorphonuclear leukocytes. Arteries 
in other organs showed evidences of in- 
flammation. 

Ruevumatic Fever. The literature up 
to 1934 was comprehensively analyzed by 
Karsner and Bayless.2’ In the following 
year, there appeared the excellent review 
by Gross, Kugel and Epstein® which also 
contains a full bibliography. Since then, 
there have been few systematic accounts 
of the effects of rheumatic fever on the 
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coronary arteries and few reports except 
for isolated case histories. 

The earliest accounts were those by 
Bouillaud, Krehl and Romberg. — Since 
1900 and up to 1934, notable contributions 
were made by Rabe, Aschoff, Barie, 
Aschoff and Tawara, Geipel, Coombs, 
Gerhardt, Takayusu, Doublas, Thalheimer 
and Rothschild, Fahr, Watjen, Wiesel, 
Swift, MacCallum, Pappenheimer and 
Von Glahn, Shaw, Talalajew, Perry and 
Klinger, Slater. References to their papers 
may be found in Gross, Kugel and Ep- 
stein’s bibliography. 

Gross, Kugel and Epstein discuss the 
lesions in the myocardial arteries (those 
branches within the myocardium) and 
those in the main coronary trunks. They 
make a further subdivision of the lesions 
into those non-specific changes which 
seem to be an accentuation of changes 
normally occurring in the coronary arter- 
ies and those which are so peculiar that 
their presence seems to be fairly specific 
for rheumatic fever. 

Lesions of the Myocardial Branches in 
Rheumatic Fever. Evolutionary changes 
also found in normal control czses include 
intimal elastification, medial elastifica- 
tion, fibro-elastification and adventitial 
fibrosis. All are conditions sometimes seen 
in normal hearts but occurring earlier and 
more severely in rheumatic fever. These 
lesions are found most often in the left 
posterior papillary muscle, less often in 
the interventricular septum, rarely else- 
where. 

Lesions occurring either uncommonly 
or never in normal control cases are 
described as medial glossy hypertrophy, 
medial hypertrophy, intimal fibrosis, giant 
medial hypertrophy with metallaxis, medi- 
al edema, exudative and necrotizing arter- 
itis, subendothelial hemorrhagic arteritis, 
net-like fibrinous thromboses of the small 
myocardial arteries, endarteritis verruca, 
granular plugged vessels, thromboses, 
endarteritis polyposa, Aschoff bodies and 
intimal musculo-elastic hyperplasia. 

Lesions in the Main Coronary Arteries 
in Rheumatic Fever. These may occur in 
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any of the main arteries but are somewhat 
less frequent on the right side. In general, 
as in the case of the myocardial arteries, 
the normal rate of vascular retrogression 
is greatly increased and the changes are 
similar. 

However, the most distinctive lesions 
of the main coronary arteries, found only 
in the active cases, are the exudative, 
necrotizing and other peculiar types of 
arteritis similar to those occurring in the 
myocardial arteries. Quoting from Gross, 
Kugel and Epstein:* “These lesions oc- 
curred in 10 of the 66 cases (15 percent). 
The exudative lesions consist of inflam- 
matory involvement of varying grades of 
intensity, generally affecting the media. 
In some forms there may be seen marked 
edema of the media with swelling of the 
smooth muscle fibers, rounding of the 
nuclei with prominence of the chromatin, 
and the presence of inflammatory cells. 
In other forms of exudative arteritis the 
predominating cell type is the polymorpho- 
nuclear leukocyte, sometimes the lympho- 
cyte. These cells occur either diffusely, 
sometimes more abundantly seen toward 
the intimal aspect of the vessel, or are 
localized in one are of the circumference 
of the vessel. Ameboid streamers of poly- 
morphonuclear leukocytes and monocytes 
are almost invariably seen. The latter 
sometimes contain fairly large nuclei with 
rather abundant basophilic cytoplasm. 
Eosinophils and mast cells are seen less 
frequently and irregular basophilic cells, 
somewhat resembling those found in 
Aschoff bodies, are rare. 

“Together with the inflammatory cell 
accumulations, there was sometimes found 
a fibrinoid swelling of the collagen. Rup- 
ture and dissolution of the elastic mem- 
branes occurred only in the very active 
cases, particularly in those associated with 
polyarteritis nodosa. Pictures simulating 
rupture of the elastic membranes were 
occasionally found. Their significance has 
already been discussed under the findings 
of the main coronary arteries in the inac- 
tive cases. 

“Both in the active and inactive cases, 
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inflammatory cells, generally lymphocytes, 
were not infrequently met with in the 

adventitial and periadventitial layers. In 

the active cases this was a more frequent 

occurrence, where also polymorphonuclear 

leukocytes, monocytes and, at times, 

Aschoff bodies were also present. It is of 

interest that these adventitial and peri- 

adventitial infiltrations occur even in the 

absence of macroscopic pericarditis. How- 
ever, even in the inactive cases, micro- 
scopic pericarditis, 7. e¢., diffuse, rather 
mild lymphocytic infiltrations of the vis- 
ceral pericardium, occurs with great fre- 
quency. 

“While all three main coronary trunks, 
viz., the right circumflex, left circumflex 
and left anterior descending, were seen 
involved in some of these cases, it appears 
that of the three the lesions were found 
with about the same frequency in the left 
circumflex and left anterior descending 
trunks, and least often in the right cir- 
cumflex coronary artery. Apart from the 
above mentioned forms of exudate and 
necrotizing arteries (seen in six cases), 
proliferation of the intimal endothelial 
and subendothelial cells with formation 
of palisades was found in the left cireum- 
flex coronary artery in one case (age six 
years), occluding thrombosis of the left cir- 
cumflex coronary artery with myocardial 
infarction in two cases (age 17} months 
and 73 years), verrucous endarteritis in- 
volving the left anterior descending branch 
in one case (age nine years), and a granular 
plugged lesion almost completely obliter- 
ating the left circumflex coronary artery 
in one case (age 25 years). Of great im- 
portance is the fact that, with the excep- 
tion of the last mentioned lesion, all the 
inflammatory phenomena found in the 
main coronary vessels in active rheumatic 
fever occurred during the first 15 years of 
life. This affords additional evidence of 
the extraordinarily dramatic course taken 
by this disease in the young, a point of 
perhaps some immunological significance.” 

Inactive Rheumatic Fever. In chronic 
cases of rheumatic heart disease, arteritis 
is not found. Instead, normal retrogres- 
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sive changes seem to appear earlier in life 
and to a more advanced degree. There is 
a tendency toward an earlier development 
of heavy intimal elastic-hyperplastic and 
fibrotic layers, and for the appearance of 
heavier elastification and scarring of the 
media. These changes may predispose 
to the earlier appearance of atherosclerosis 
in the main coronary vessels. In any case, 
the vessels become more rigid and are 
probably less subject to vasomotor con- 
trol. 

It is rather difficult to evaluate the 
clinical importance of rheumatic coronary 
artery disease. According to Lowe and 
Wartmen,” the changes are rarely clini- 
cally significant compared to those of the 
myocardium. Stryker® did not find rheu- 
matic involvement in his study of coronary 
disease in childhood, but admits that he 
did not study the arteries carefully in such 
cases. Gross, Kugel and Epstein attach 
much importance to such lesions, finding 
the damage often impressive in acute cases 
and they wonder whether the “ vascular 
or primary myocardial injury is the more 
significant to the life of the patient.” 
Karsner and Bayless*’ thought that “the 
relation to myocardial disease cannot be 
positively established but the late myo- 
cardial fibrosis is greater than is to be 
expected from the early acute myocarditis 
alone.” 

Nevertheless, clinically significant oc- 
clusion of a main coronary artery occurs 
In 
only one of Gross, Kugel and Epstein’s 
cases was there coronary occlusion with 
extensive infarction. In a 17 month old 
infant there was thrombosis of the left 
circumflex artery including the main trunk. 
In Rae’s case, a child of less than 3 who 
died suddenly, there were, in addition to 
acute rheumatic myocarditis and_peri- 
carditis, large aneurysmal dilatations in 
both coronary arteries and thrombosis 
had occurred in the aneurysm of the right 
coronary artery. 

The relationship between childhood 
rheumatic fever and later occurring ather- 
omatous heart disease is of the greatest 
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importance. The changes in Gross, Kugel 
and Epstein’s cases of inactive rheumatic 
heart disease were rarely specific and 
there were few evidences of arteritis. 
Nevertheless, as previously pointed out, 
there was considerable acceleration of the 
“normal” retrogressive changes so that 
it is possible that such arteries might be 
subject to occlusive coronary disease at 
a much earlier age. That this may actually 
be the case has been suggested by several 
authors but there is, as vet, little statistical 
evidence for this hypothesis. It has been 
suggested, too, that coronary artery le- 
sions, in the main trunks and in their 
branches, may account for some of the 
symptoms of angina pectoris in chronic 
rheumatic valvular disease. 

Griffith and Huntington™ report 3 cases 
of abrupt death in rheumatic fever. In 
each case there were distinctive lesions 
at the base of the aorta. In 2 of the 3 
there was histologic evidence of widespread 
vascular disease. The coronary arteries 
in all the cases show extreme fibrosis, 
cellular accumulation and “ collagenous” 
masses in the walls of the arteries. They 
conclude that “the cause of abrupt death 
in each was an acute anaphylactic coronary 
ungiitis superimposed upon a low-grade 
rheumatic carditis.”’ 

Weinstein™ reported 10 cases of “ atyp- 
ical” coronary disease which he thinks 
may have been “rheumatic”’ but there 
were no histologic studies because his 
patients recovered. 

Polyarteritis Nodosa. The coronary ves- 
sels are frequently (70%) involved in 
polyarteritis nodosa. Next to the renal 
arteries, the coronaries are the vessels 
most often damaged by this disease. Even 
Kussmaul and Maier’s® original descrip- 
tion (1866) described such a case. In 
17 of a series of 23 cases,** the coronary 
arteries were involved. 

An excellent review of the history of 
this complication, up to 1936, and of its 
clinical features is that of Kerr.2® Since 
that time, there have been scattered case 
reports, none of importance. Mintz and 


Katz™ report a case with myocardial in- 
farction. Stryker™ reported 2 cases. 

Polyarteritis nodosa usually attacks the 
smaller vessels in scattered areas. The 
resulting infarcts are small and dissemi- 
nated. Thrombosis in the affected vessel 
is common. 

The differentiation of this lesion from 
that of acute rheumatic arteritis may be 
exceedingly difficult and the relationship, 
if any, between these diseases is still in- 
completely worked out.“ The difficulty 
may be striking if, as in Stryker’s case 5,” 
there are no lesions in arteries elsewhere. 
In such cases, the presence or absence of 
other evidences of rheumatic fever in the 
myocardium or valves may be decisive. 
In 4 of Gross, Kugel and Epstein’s* cases, 
the diagnosis of both diseases simultan- 
eously seemed to the authors to be justi- 
fied. 

The diagnosis of healed polyarteritis 
nodosa is beset with many pitfalls since 
the diagnostic criteria are so poorly de- 
fined. Nevertheless, Stryker seems con- 
vineing in his argument for placing his 
case 6% in this category. 

THROMBOANGIITIS OBLITERANS. The 
first reported example of involvement of 
the coronary arteries in thromboangiitis 
obliterans was that of Perla.*° Barron and 
Lilienthal’ reported another. Samuels and 
Feinberg®? noted 5 cases of involvement 
of the coronary arteries in their series of 50 
cases. Fatherree and Hines" reported from 
the literature 40 cases in which autopsy 
records were available; in 10, the cause of 
death was coronary occlusion. Allen and 
Willius? found only 7 in 225 unselected 
cases and concluded that the incidence was 
no greater than in a control group. Green- 
field?! reported a case of thromboangiitis 
obliterans in which recovery took place 
after coronary occlusion. Since the man 
recovered, it was impossible to state the 
cause of the occlusion. Mintz and Katz* 
report 1 case with myocardial infarction. 

A characteristic (although not universal ) 
feature is the presence of giant cells and 
infiltration with small round cells. The 
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lesion somewhat resembles a _ miliary 
tubercle.” 

CoRONARY ANEURYSM. Coronary artery 
aneurysm is rare except for the aneurysmal 
dilatations seen in polyarteritis nodosa. 
The literature, up to 1936, has been re- 
viewed by Kerr,?® from whom the follow- 
ing classification is taken in modified 
form. Chipps in 1942° listed 45 cases in 
the literature and added 1 of his own. Of 
the 46, 36 were classifiable, he thought, 
as to cause: 15 arteriosclerotic, 4 luetic, 
5 congenital, 1 rheumatic, 10 mycotic, 
1 pure mycotic. 

|. Congenital Aneurysm. (a) Dilata- 
tion at points of branching of coronary 
arteries. These are analogous to ‘“‘berry” 
aneurysms of the brain. 

(6b) Aneurysm of the sinuses of Valsalva, 
with congenital defects of aortic valves. 
These aneurysms are often associated with 
bicuspid aortic leaflets or with the de- 
velopment of weakness of the supporting 
structure of the aortic valves, especially 
of the right ventral cusp and the forward 
portion of the dorsal cusp. 

(ec) Dilatation of branches of the coro- 
nary arteries. Seven such cases have been 
reported in cattle and 5 in man.™ The 
congenital origin of some of these is 
doubtful. In Harris’s case, the right 
coronary was 2 cm. in circumference for 
a distance of 13 em. The absence of any 
other etiologic factor, such as arterio- 
sclerosis or inflammation, and the fact 
that the artery communicated with the 
right ventricular cavity make it likely 
that the lesion was congenital. The 
patient was a male of 43 who died of brain 
tumor. Harris attributed the dilation to 
deficiency of the elastic tissue in the 
affected area. 

2. Mycotic Aneurysm. Embolic in 
origin, this is seen most often in bacterial 
endocarditis. 

3. Syphilitic Aneurysm. Aneurysms due 
to syphilis are exceedingly rare. Packard 
and Wechsler reported 3 cases.‘ 

4. Arteriosclerotic Aneurysm. This is 
the most common coronary aneurysm in 
people past middle age. Mitchell found 
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16 authentic cases in the literature and 
added 1 of his own. The ages ranged 
from 32 to 77. The sex incidence was 
remarkable: only 1 of the 17 cases was 
in a female. In 13 cases the left coronary 
artery was involved; in 4, the right, the 
lesion was multiple in 3 cases but Mitch- 
ell’s own case was the only one involving 
both the right and left coronary arteries. 
In all cases, the coronary artery was 
the site of extensive atheromatosis and 
the aneurysmal sac was often filled with 
thrombotic material which probably 
helped prevent rupture. While the cause 
of death was cardiac in 14 cases, it was 
most often the result of cardiac failure or 
coronary occlusion. In only 5 cases was 
the aneurysm directly responsible for 
death. In 3 there was rupture into the 
pericardial sac causing cardiac tamponade. 
In 1 there was rupture into the myo- 
cardium of the right ventricle, and in 1 
into the wall of the pulmonary artery. 
Mitchell did not find medial muscular 
defects at the bifurcations such as Forbus® 
had found in cerebral arteries (and, in 
2 instances, in the coronary arteries). He 
found little reason to doubt that in his 
case there had been total destruction of 
the media by a slowly enlarging atheroma. 
5. Dissecting Aneurysm. The coronary 
vessels may be involved either by dis- 
section, resulting from rupture of the 
intima of an arteriosclerotic or aneurysmal 
coronary artery, or by an extension of 
dissecting aneurysms of the aorta. Wain- 
wright” reported a case of dissecting 
aneurysm of the aorta in which the dis- 
section was continued into the wall of a 
coronary artery, resulting in coronary 
occlusion and myocardial infarction. In 
several recent cases**“°! at the Massa- 
chusetts General Hospital, an aortic dis- 
secting aneurysm dissected back to the 
annulus of the aortic valves and involved 
the coronary orifices. . 
Coronary Empouism. Coronary em- 
bolism is exceedingly rare compared with 
thrombosis. The literature to 1932 is 
reviewed by Saphir. Porter and 
Vaughan® list 30 cases reported up to 
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1940 and add 3 of their own, in Negroes 
with luetic aortitis and mural aortic 
thrombi. Parks** reported an instance 
complicating subacute bacterial endo- 
earditis and added several recent cases 
from the literature. 

The embolus may consist of bacterial 
vegetations from the heart valves, frag- 
ments of vascular thrombi, tumor tissue, 
fat, air or foreign substances. It is some- 
times difficult to be sure that the occlud- 
ing material has not been formed in situ 
and, therefore, in order to be certain of 
its embolic nature, a demonstrable source 
and the integrity of the underlying artery 
should be sought. In some cases, an 
electrocardiogram, typical of recent coro- 
nary occlusion, may be obtained." 

1. Vegetations from the heart valve, 
especially in subacute bacterial endo- 
carditis, may embolize to a coronary 
artery. Usually the involved leaflet is 
an aortic. In | case,** the free end of a 
thrombotic vegetation, still attached at 
its base to its origin on an aortic valve, 
plugged a coronary artery with resulting 
death of the patient. A somewhat similar 
case, reported by Oestreich, is quoted, in 
the same article. Mycotic aneurysms of 
the coronary arteries have also been 
reported. Microscopic emboli are appar- 
ently common’? and multiple gross emboli 
have been reported." 

2. Displaced fragments of thrombi may 
arise in peripheral veins and be carried 
to the coronary artery by paradoxical 
embolization, etc. They may arise from 
atheromatous ulcers of the aorta. They 
may be formed by a fragment of a throm- 
bus more proximal in the coronary arterial 
tree. In Saphir’s second case® there was 
a thrombus in the proximal portion of 
the circumflex branch of the right coronary 
artery; a fragment had broken loose and 
had lodged in the region where the pos- 
terior descending branch comes off the 
right circumflex branch. Stryker’s patient™ 
was an infant in whom the source was not 
demonstrated; according to Stryker, it 
may have come from an umbilical vein 
thrombus. 


3. Tumor tissue may be carried to the 
coronary artery as in the paradoxical 
embolism described by Thompson and 
Evans.” 

4. Fat embolism has been described.* 
While probably not as important as em- 
bolism elsewhere, it should not be over- 
looked as a possible cause of death after 
trauma. It produces “streak-like’’ hemor- 
rhages in the myocardium.® Microscopi- 
cally, fat droplets can be demonstrated 
in the small vessels. 

5. Air embolism has been produced 
experimentally by Rukstinat and Le- 
count. 

6. Foreign material accidentally in- 
jected into a vein has been known to plug 
a coronary artery. Zinc peroxide was 
found in the coronary arteries in the case 
cited by Von Glahn.’° 

Four cases of paradoxical embolism 
have been reported.” *7:77 In 1 case there 
was no depletion of the pulmonary circula- 
tion or evident change in right and left 
heart pressure relationships, as had been 
considered necessary by others.®° 

It is still not clear why coronary em- 
bolism is so rare. Various theories have 
been proposed.®° Marie believed that the 
great difference between the caliber of 
the aorta and that of the coronary arteries 
might be responsible. Pavell and Benson 
are quoted by Saphir as believing that 
the right angled departure of the coronary 
arteries made it difficult for emboli to 
lodge there. According to Saphir, “the 
various eddies at the mouths of the coro- 
nary arteries as produced by systole and 
diastole, and also the peculiar flow into 
the coronary vessels during systole and 
diastole might explain the rare involve- 
ment by emboli of the mouths of the 
coronary arteries and of the vessels them- 
selves.” The bulk and swiftness of the 
blood current in the aorta and the fact 
that most coronary filling is in diastole 
may be factors. 

Chipps® says that since DeNavasquez 
has “shown that minute emboli frequently 
enter the coronary arteries, it is clear that 
the size of emboli large enough to occluce 
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the main coronary branches must be the 
factor determining the rarity of gross 
coronary embolism. Emboli of sufficient 
size are probably not nearly as numerous 
in bacterial endocarditis as are minute 
emboli. If a great many emboli of micro- 
scopic proportions are released into the 
blood stream and thoroughly mixed, then 
it is obvious that the number of these 
emboli entering the coronary arteries will 
be in proportion to the coronary blood 
flow. On the other hand, larger emboli 
of exactly the correct size to occlude one 
of the coronary arteries or its main 
branches will much less frequently be 
released from the endocardial vegetations. 

“When an embolus of exactly the right 
size is released, it will, by reason of its 
size, have greater difficulty in entering 
the coronary arteries, for its dimensions 
must be nearly as great as the diameter 
of the coronary orifices. The difficulty 
of its entrance into the coronary orifices 
may be illustrated by analogy with a 
device used by small boys in gambling 
with marbles. This device consists of a 
cigar box with a round hole cut in its 
lid, large enough to admit a marble freely, 
providing that the marble is dropped 
straight through the hole. However, 
unless the aim is accurate, the marble 
strikes the edge of the hole, bounces 
away and does not enter the box. In the 
same way, an embolus only a little smaller 
than the coronary orifices does not enter 
unless it is carried directly into the orifice 


without being deflected by impact with 
its margins.” 

Thrombosis. There seems to be little 
doubt that, as originally proposed by 
Rokitansky, thrombosis will effect changes 
in the wall of the surrounding vessel. In- 
terest in these changes has recently been 
revived by the work of Duguid," who even 
ascribes to thrombosis a réle in the patho- 
genesis of coronary atherosclerosis. This 
will probably be a fruitful field for future 
investigation. It seems to me entirely 
possible that certain systemic diseases, 
such as sickle cell anemia and_ poly- 
cythemia vera, which cause thrombosis 
and sludging in small arteries, may cause 
changes in the walls of the arteries after 
a period of time. It should be noted at 
this point that Merkel* has reported 
plugging of a coronary artery by Plas- 
modium falciparum with ensuing myo- 
cardial infarction. 

Neoplasm. Neoplasm involving the 
heart may press on the coronary artery 
or may invade it, in either case causing 
occlusion. Appelbaum and Nicolson‘ re- 
ported a case in which the right coronary 
artery was completely occluded. In Fish- 
berg’s case“ the left circumflex artery was 
partially occluded by pressure from sur- 
rounding tumor tissue. The patient had 
had cardiac pain. Peppard and Larson* 
reported a case in which both coronary 
arteries were narrowed by surrounding 
sheaths of neoplasm, metastatic from 
cancer of the breast. 
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THe term “Iatrogenic” (Gr. iatros, 
doctor, and gen, producing) disease has 
been aptly described by Dorland’s diction- 
ary* as a “disorder induced in the patient 
by the physician, based on the physician’s 
examination, manner or discussion.” Rel- 
atively few articles on this subject have 
appeared in the literature. In his instruc- 
tion to students and staff doctors, Dr. 
Franklin G. Ebaugh® has always em- 
phasized the réle of the iatrogenic factor 
in the causation, continuation and calcifi- 
cation of psychoneurotic states and symp- 
toms. During World War I, the accepted 
use of the serious sounding term “shell 
shock” for all types of psychiatric con- 
ditions appearing in or near the combat 
area resulted in many patients clinging to 
their symptoms for years or permanently. 
In World War II the term “exhaustion” 
was used at the army level for this same 
class of combat psychiatric casualties. 
Hence, when these patients read their 
diagnoses on their emergency medical tags 
(which were tied through a button hole 
of the shirt or combat jacket) the relatively 
benign term “exhaustion’’ suggested a 
condition of transient character. The 
groundwork was thereby laid for the 
prompt return to duty of all but the more 
severe anxiety reactions and the few 
psychotics. Those patients who were 
evacuated to the rear from division clear- 
ing stations to the army psychiatric treat- 
ment center found themselves in an en- 
vironment where no organically sick or 


wounded patients were treated. Thus, 
there were fewer unconscious “ additions” 
of symptoms from other patients than 
there would have been otherwise. The 
complete absence of nurses in these treat- 
ment centers further diminished the feel- 
ing among the patients that they were 
seriously sick. In at least one of these 
psychiatric treatment centers, at the army 
level, a “team” consisting of an internist, 
a gastro-enterologist and a psychiatrist was 
established to diagnose and treat certain 
patients with obscure symptoms referable 
to the gastro-intestinal tract. Concur- 
rently with the usual organic investigation 
a detailed study of the psychologic struc- 
ture and life situations of the patients was 
made. Definitive diagnostic and treat- 
ment procedures were thereby rapidly 
established at that one location and many 
patients were saved from the endless 
series of Roentgen ray examinations and 
laboratory studies that might have fol- 
lowed their evacuation through the usual 
medical channels. Repeated examinations 
for organic disease suggest to the patient 
that he must have some rare organic 
condition which is puzzling even to medical 
men. This is a prime cause of chronic 
invalidism. 

It is realized that the problems met 
with in military psychiatry and the 
methods available to combat them are not 
entirely identical with those seen in the 
practice of civilian psychiatry. However, 
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many of the fundamental principles are 
the same. 

Anxiety has been called the nucleus or 
core of all psychoneuroses. When the 
psychologic and physiologic aspects of 
anxiety are experienced by the patient, 
and only the physiologic aspects are 
observed by the physician, such a psycho- 
neurosis is termed an anxiety state. It 
manifests itself by such subjective symp- 
toms as awareness of danger or fear, often 
apparently unmotivated and occurring 
during the day or night, and is experienced 
as diffuse discomfort which is characteris- 
tically accompanied by tachycardia, trem- 
ors, globus, dyspnea, faintness, vertigo, 
perspiration, nausea or vomiting, and 
urgency of urination or defecation.’ Many 
factors may serve as precipitating or 
trigger stimuli to make this type of psy- 
choneurosis apparent to both patient and 
physician. These factors may be over- 
whelming and catastrophic experiences 
or they may be relatively trivial in suscep- 
tible individuals. They may be purely 
physical, such as poor nutrition, fatigue, 
exhaustion, or accident, or they may be 
largely emotional factors, such as sexual 
difficulties or frustrations, guilt feelings, 
frustrated ambitions, discouragement or 
fright. At any rate, anxiety states are 
frequently erroneously diagnosed and 
treated by the general medical profession 
for thyrotoxicoses, “heart attacks,”’ gall 
bladder disturbances, hyperinsulinism, 
The symptoms are precipitated, 
exaggerated and prolonged by doctors’ 
comments and actions which suggest 
organic disease. These cases are always 
made worse and sometimes incurable by 
surgical procedures. 

A large percentage of psychoneuroses 
fall into the category of “somatization 
reactions.” In this type of neurotic 
response the anxiety, inherent in all psy- 
choneuroses, is translated into functional 
disorders of specific organs of the body, 
thereby freeing the patient to a large 
degree from the disagreeable subjective 
sensations of anxiety. The visceral re- 
sponses include disturbances in the gastro- 


intestinal tract, cardiovascular apparatus, 
skin, genito-urinary tract, sexual function- 
ing, endocrine system, as well as allergies 
of various kinds. Bowel conscious patients 
often demand rigid diets, drugs and opera- 
tions of all sorts.2 All of these medical 
and surgical procedures tend to fixate 
hypochondriacal ideas. The great multi- 
tude of victims of polysurgery in this 
country is disgraceful testimony to the 
inadequacy of our average medical cur- 
riculum, which overemphasizes organic 
pathologic changes and ignores emotional 
factors as causative of gastro-intestinal 
symptoms. Where symptoms referable 
to the heart are concerned, the situation 
is even worse. Many patients have been 
told by their physicians, for example, that 
they had a “murmur,” a “leaking 
valve,” or “a leaking heart” with no 
investigation beyond auscultation of the 
heart. Doubt as to the integrity of the 
heart is a very frequent cause of chronic 
incapacity and a type of disability that is 
extremely difficult to alleviate.’ Genito- 
urinary complaints in both male and 
female neurotics are often treated surgi- 
cally, medically or in combination. The 
prostate gland is too often treated for 
impotence, venereal phobias and other 
psychosexual problems. Hysterectomies 
are too often performed for such psycho- 
genic conditions as fear of pregnancy, 
frigidity and guilt over various psycho- 
sexual conflicts. Psychotherapy is made 
much more difficult after the production 
of an artificial menopause or sterility.” 
The following are some of the cases 
seen in this clinic that demonstrate how 
physicians themselves have unwittingly 
initiated or contributed greatly to in- 
capacitating illness: 


Report of Cases. Casel. M.D.G.,a 32 
year old white woman was hospitalized at the 
Colorado Psychopathic Hospital from July 
14 to November 6, 1943 because of paranoid 
schizophrenia. She was given a complete 
course of insulin coma treatments and was 
discharged remarkably improved. 
her discharge from the hospital her husband 


immediately obtained a divorce and left her 
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with two small children to support. As she 
had difficulty in maintaining an adequate 
economic status, she placed her two small 
children in a Denver orphan’s home and went 
to California in June, 1944. While in 
California she experienced her first acute anx- 
iety attack which she described as being 
“just like when I had been severely fright- 
ened, although when I had the spells there 
was nothing to be frightened about.’’ These 
attacks occurred on the average of 2 or 3 
times per week and lasted as long as several 
hours. She obtained maximum relief by bed 
rest. Her anxiety attacks were manifested 
by palpitation, tremor and near syncope. 
She consulted a local physician about these 
attacks and was told, ‘You may have had 
such a severe heart attack that you barely 
escaped death.’ He started her on digitalis 
and kept her “digitalized” for several 
months until she ran out of funds to pay the 
bill. Since the anxiety attacks continued, 
she consulted another physician who stated, 
“You have angina pectoris.” This second 
physician advised immediate hospitalization. 
At this point the patient became somewhat 
dubious and consulted the Stanford Medical 
Clinic in San Francisco. She was told that 
her difficulty was functional and was advised 
to continue with psychiatrie guidance in 
Colorado. She has been followed on an 
outpatient status since December, 1946. 
Although at times she gives lip service to the 
fact that her cardiae symptoms might be on 
a functional basis, she still entertains the 
possibility of having organic heart disease 
because she had been told so by two previous 
physicians. 

Her anxiety appears to be associated with 
unrecognized guilt feelings centering around 
the economic necessity for rejecting her two 
small children by placing them in an orphan’s 
home. Since her return to Colorado, with 
‘requent visits to the orphanage, her anxiety 
attacks have diminished in severity, fre- 
queney, intensity and duration. 

Case 2. M.D., a 38 year old white 
ivorcee entered Colorado General Hospital 
with the diagnosis of “toxie thyroid.” On 
admission she complained of hot flashes 
~inee the age of 15, exhaustion for 6-7 years, 
“nervousness” with tremor for 4 years, 
insomnia, and palpitation on exercise. An 
-nlarged thyroid was readily palpable. There 
vas a slight tremor of the upper extremities 
‘ith no hyperhidrosis. Her B.M.R. was plus 


5. Blood chemistry was normal. Her pulse 
was continuously between 70 and 80 per 
minute. There was no temperature eleva- 
tion. Her blood pressure was 130/90. She 
entered the hospital for surgery on the 
advice of a local physician who had told her, 
“You have a toxic thyroid and an operation 
will solve all your problems.” 

It was thought by the surgical and psychi- 
atric staff that this patient hada benign aden- 
oma of the thyroid which was not toxic. Psy- 
chiatric study revealed that she was married 
at the age of 32 to a man 11 years her senior 
who had been married 4 times previously. 
She stated that “he was an alcoholic, a 
psychopath and a genius and too much for 
me.’’ She said that her marriage had been a 
failure from the start, and that her husband 
was “sadistic and dependent.’’ She recog- 
nized that she had many emotional problems 
and declared, “My nervousness is what is 
wrong with ine. If an operation is what I 
need to get me over it, that is what I want. 
If an operation won't do it, I want whatever 
will make me well.’ It was explained to her 
thoroughly by the surgical and psychiatric 
staff that they would be glad to have her 
thyroid tumor removed, but that it certainly 
would not solve her emotional problems and 
anxiety symptoms. She accordingly under- 
went surgery for the removal of the benign 
adenoma. Pathologie examination of the 
thyroid tissue removed failed to reveal any 
toxic changes. She obtained some slight 
relief in the sense that removal of the tumor 
ended 15 years of mild concern about it. 
However, her emotional problems and 
resulting anxiety symptoms remained practi- 
cally unchanged. Upon her release from the 
hospital she stated that she intended to try 
Christian Science for several months, and, 
if this failed to bring her the desired relief, 
that she would return to the hospital to 
consult a psychiatrist. 

Case 3. A 23 year old white single girl 
entered Colorado General Hospital on March 
7, 1945, complaining of severe fatigability 
and a daily low grade fever of two years 
duration. She had been bedridden most of 
that time. The patient first noticed excessive 
fatigue and “nervousness” during her high 
school years. These feelings continued 
during two years at Denver University and 
into the years 1941, 1942, and the spring of 
1943. She first consulted a physician in the 
spring of 1942 for “nervousness, tiredness 
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and a pounding in my head.” Her doctor 
told her that she had high blood pressure 
and a heart murmur, and said that her 
diagnosis was rheumatic fever. During the 
next year she consulted several other doctors 
who diagnosed her as having rheumatic 
heart disease, tuberculosis, and brucellosis. 
Finally she felt so sick and tired that she went 
to bed and remained there as a chronic 
invalid for 2 years. During the last few 
months prior to hospitalization she had been 
taking Digifortis. 

Her family history revealed that her 
mother had been a chronic invalid for years 
and had been bedridden with tuberculosis 
for 7 years during the patient’s childhood. 
The patient’s only sister, 2 years older, was 
also seen in the clinic and proved to be a very 
maladjusted individual. Physical examina- 
tion of the patient showed a blood pressure 
of 140/95, temperature of 100.2° F., pulse of 
108, and respiration 24. She exhibited 
marked vasomotor instability, dilated pupils, 
and sweaty palms. There was a functional 
systolic murmur. Blood and urine were 
normal. Electrocardiogram, chest film, 
blood cultures and agglutination tests were 
entirely negative for organic disease. The 
Pyschiatric Liaison Department was asked 
to see her because of the possibility of her 
having a psychoneurosis. 

After a psychiatric interview of about 20 
minutes she left the hospital with marked 
subjective improvement and remained out 
of bed during that week end. She then re- 
turned to the hospital alone and ambulatory, 
and was interviewed on two occasions that 
week. At the end of the week she was 
almost completely free of her disabling 
symptoms. Her temperature, taken 4 times 
daily for a week, was normal for 4 days, 
with scattered elevations up to 99.4° F. for 
3 days. A follow-up on this patient revealed 
that she has been clinically well since shortly 
after leaving the hospital and has not been 
bedridden since then. 

This case illustrates the value of prompt 
psychiatric consultation where symptoms 
of the sort seen here present themselves. 
This healthy, fairly well-balanced girl 
wasted two years of her life in bed and spent 
a large part of the family income consulting 
a host of physicians who gave attention only 
to the organic tradition in medicine. 

The history was simply that of a sheltered, 
protected and pampered girl who was 


reared in a rigid religious environment. She 
had an invalid mother and an odd, frustrated 
and complaining older sister. When she 
began to step out and enjoy herself, her 
sister became more complaining, unpleasant 
and recriminative. Finally, she developed 
exaggerated feelings of guilt over minor 
intimacies with a soldier, the first real 
“steady boy friend”’ she had ever had. The 
soldier suddenly stopped seeing her, moved 
out of town and dropped completely out of 
her life. It was at this very time that her 
symptoms became severe enough to force 
her to give up her work and go to bed. 
Until her conversation with the psychiatrist 
she suspected no connection between her 
frustrated love affair and the development 
of bodily symptoms and signs. 

Case 4. T. M., a 19 year old white single 
male, was admitted to Colorado Psycho- 
pathic Hospital on September 6, 1946, be- 
cause of feelings of tension, ‘‘nervousness,”’ 
tremulousness and suicidal preoccupations. 
On admission he was resistive and hostile. 
It was revealed that prior to his hospitaliza- 
tion he had indulged in the compulsive pur- 
chasing of several hundred pairs of men’s 
hosiery. He was an immature over-depen- 
dent individual with rigid perfectionistic 
traits. He was evaluated by the entire staff 
as having an acute schizophrenic reaction 
with latent homosexuality in which his 
homosexual drives were channelized by the 
repetitive purchasing of men’s hosiery. He 
improved markedly under individual psycho- 
therapy and was discharged from the 
hospital 22 days after admission. Around 
Christmas of 1946 he married a woman 
18 years his senior in order to attain sufficient 
economic security to pursue a course of 
instruction which would qualify him as a 


beautician. Several weeks later be became . 


tremulous, tense and anxious, and also com- 
plained of a “tight feeling in my stomach.” 
Upon pressure from his family he was sent 
to his family physician who promptly 
informed him that he was. suffering from 
“thyroid disease.”’” He was placed on a4 
routine of Lugol’s solution and vitamin 
injections prior to the regular follow-up visit 
with his psychiatrist. 

Treatment for “thyroid toxicosis” has 
only served to fixate his attention on his 
soma. The trusted family physician had 
unknowingly converted a case of anxiety 
reaction with a reasonable prognosis under 
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psychotherapy into a more rigid psycho- 
neurotic pattern which is extremely difficult 
to treat. This is a case of acute anxiety 
partially channelized in terms of the com- 
pulsive purchasing of men’s hosiery. He 
suffered an acute psychotic episode from 
which he quickly recovered with adequate 
psychiatric care and guidance At the present 
time his marriage to an older woman presents 
a threat to his adequate adjustment, and he 
has developed somatic repercussions of 
anxiety. 


Summary. |. A brief account of some 
of the methods used by military psy- 
chiatrists during World War IT to prevent 
the continuation and calcification of 
psychoneurotic symptoms is presented. 


2. The symptomatology of anxiety and 
its relation to functional disorders of 
specific organs of the body is discussed. 

3. Four cases are discussed to show how 
doctors who are concerned only with the 
organic side of medicine can actually 
prolong a patient’s illness indefinitely. 
In addition, mistakes in the diagnosis of 
psychoneurotic disorders encourage pa- 
tients to make the rounds of doctors and 
eventually of cultists and quacks. The 
primary cause of these mistakes lies in the 
failure of medical schools to give the 
emotional side of illness its proper 
emphasis. 


REFERENCES 


(1.) Auerback, Alfred, and Gliebe, F. A.: latrogenic Heart Disease, J. Am. Med. Assn., 129, 338, 1945. 
(2.) Bennett, A. E.: J. Am. Med. Assn., 130, 1203, 1946. 

(3.) Cecil, Russell A.: A Textbook of Medicine, 7th ed., Philadelphia, W. B. Saunders, 1947. 

(4.) Dorland, W. A.N.: The American Illus. Med. Dictionary, 20th ed., Philadelphia, W. B. Saunders, 


1946. 


(5.) Ebaugh, Franklin G.: Personal communications. 
(6.) Freedom, Leon: Urol. and Cutan. Rev., 49, 37, 1945. 


(7.) War Department Technical Bulletin 203: 
19 October, 1945. 


Nomenclature and Method of Recording Diagnoses, 


(8.) Weiss, Edward, and English, O. Spurgeon: Psychosomatic Medicine, Philadelphia, W. B. 


Saunder, 1943. 


(9.) Williams, E. Y.: Mental Hygiene, 20, 624, 1936. 


e 
d 
e 
it 
d 
al 
le 
d 
of 
d. 
st 
er 
nt 
le 
0- 
IS. 
le. 
| 
tic 
aff 
nis 
he 
He 
10- 
he 
nd 
an 
ant 
of 
5 a 
me , 
m- 
h.”’ 
ent 
om 
nin 
‘isit 
has | 
his 
had 
ider 


108 


PROGRESS OF MEDICAL SCIENCE 


PHYSIOLOGY 


PROCEEDINGS OF 


THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 


SESSION OF NOVEMBER IS 1047 


Dynamic Structure of Glucose Convul- 
sions. M. Wirerzucuowskt, T. Toczyskt, 
and J. Sysa (Physiological Institute, Medi- 
cal Faculty, University of Lodz, Poland). 
Hyperkinetic phenomena evoked by high 
concentrations of glucose in the blood and 
tissues appear during chloralose anesthesia 
almost in the same form as in the normal 
unanesthetized dog (M. Wierzuchowski, 
J. Physiol., 87, 85, 1936; R. A. Cutting, 
P.S. Larson and A. M. Lands, Arch. Surgq., 
38, 599, 1939), but at somewhat lower 
blood glucose levels (2100 mg. %). At 
the acme of convulsions movements occur 
in all the striated muscles of the body 
and also in some smooth muscles. Because 
they are depressed by lack of O» and ex- 
cess of CO, they seem to be of central 
origin. This is proved by experiments 
with one hind leg isolated vascularly but 
with intact nervous connections. When 
the trunk of such a dog is injected with 
glucose and the isolated leg fed by another 
dog having normal blood sugar level, the 
perfused leg shows convulsions of the same 
shape as appear in the other hyperglycemic 
leg of the same dog. There exists an in- 
crease of reflexes in the beginning of hyper- 
kinesis but the reflexes may even disap- 
pear completely towards the end of con- 
vulsions. They seem, however, not to be 
connected with irritation of the afferent 
or interneuron connections. 

The fits persist after removal of the 
brain cortex. In decerebrated animals and 
in dogs with the cervical spinal cord cut 
they appear as well below as above the 
level of section. In the last case when the 
spinal cord is severed during convulsions, 
sometimes almost no shock phenomena 
appear and the twitches continue as well 
below as above the section plane. That 
in this case there is no shifting of the site 


of convulsions from the higher levels of 
the neuraxis to the lower ones at the 
moment the section is made, is proven 
after vascular isolation of the head down 
to the cervical level with intact connection 
of the spinal cord with the brain. When 
such a head is perfused by another animal 
in which glucose concentration is being 
raised to the convulsive level, convulsions 
appear in the isolated head obtaining high 
glucose supply, but not in the rest of the 
body having normal connections with the 
hyperglycemic brain through the intact 
spinal cord. Convulsions therefore origi- 
nate only in the levels of neuraxis which 
are in contact with high glucose and the 
sites of their origin seem to be distributed 
equally along the whole neuraxis at various 
segmental levels, each of them having its 
own sensitivity towards the convulsive 
stimulus. 

After reaching the acme, convulsions 
slowly decrease when the glucose concen- 
tration in the blood is being further raised. 
They finally cease at some 4000 mg. %, 
but the motor neurons still obey impulses 
coming from the higher centers, for spon- 
taneous respiration further persists (M. 
Wierzuchowski, J. Sysa and T. Toczyski, 
Abstracts of Comm.. XVII International 
Physiological Congress, Oxford, p. 257, 
1947). 

As to the nature of active stimulus in- 
formation is obtained from the continuous 
drop of the intracranial pressure when 
blood glucose level is raised continuously, 
indicating shrinkage of the brain substance 
and probably its dehydration. As similar 
convulsions were obtained during intra- 
venous injection of high amounts of sod- 
ium chloride, the active stimulus in both 
cases is the increased osmotic pressure. 
Under highest glucose saturations in the 
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body, almost a doubling of the osmotic 
pressure of the blood serum was found. 
For such conditions we suggest the name 
of hypermoleculosis. 


The Rate of Increase of Arterial Oxygen 
Saturation During Inhalation of Oxygen. 
W. S. Fow er, M.D., and J. H. Comrog, 
Jr., M.D. (Dept. of Physiology and Phar- 
macology, Graduate School of Medicine, 
Univ. of Penna.). Continuous measure- 
ments of arterial oxygen saturation (Milli- 
kan oximeter) and nitrogen content of 
the respired gases (Lilly-Hervey nitrogen 
meter) were made in 42 normal adults 
following the change from breathing room 
air to breathing 99.6% oxygen. Alveolar 
pO. exceeded 160 mm. Hg within 1 to 
3 seconds, lung to ear circulation required 
about 7 seconds and oximeter lag was 
6 seconds. Maximum arterial saturations 
were not recorded until 52 seconds (aver- 
age), indicating a 35 second delay between 
expected and actual achievement of maxi- 
mum saturation. Voluntary hyperventi- 
lation with O, decreased the delay. To 
test the possibility that the delay was due 
to uneven gas mixing in the lung, 14 sub- 
jects breathed 40% Os» for 5 to 7 minutes, 
with and without hyperventilation, then 
breathed 99.6% Os. In all cases, a sig- 
nificant further increase (mean 0.85%) of 
saturation followed pure QO, inhalation. 
These results suggest that neither (1) ven- 
ous-arterial shunts, (2) uneven lung mix- 
ing, nor (3) Hb reduction from ear metab- 
olism are adequate explanations for the 
delay, but may indicate that alveolar and 
arterial oxygen tensions greater than the 
customarily accepted level of 160 mm. Hg 
are required to completely saturate Hb. 
The shape of the oximeter curves, (1) on 
breathing oxygen, and (2) when breathing 
of room air is resumed suggest a reciprocal 
relationship between reduced Hb and pOs. 

The rise of arterial saturation is the end- 
result of several processes: movement of 
QO» to alveoli, involving lung gas mixing; 
diffusion of O, across the alveolar mem- 
brane into the red blood cell; conversion 


of reduced Hb to HbO:; transport of 
HbO, to the site of measurement. Dis- 
turbance of these functions in cardiorespi- 
ratory disease was reflected in a delayed 
rate of arterial saturation increase on 
breathing oxygen. 


The Effects of Frontal Lobotomy on 
the Cerebral Blood Flow and Metabolism. 
Henry A. SHenktn, M.D., B. 
Wooprorp, M.D., F. A. Freyaan, M.D., 
and Seymour S. Kery, M.D. (Depts. of 
Surgery, Psychiatry, and Pharmacology, 
Univ. of Penna.; and the Delaware State 
Hosp., Wilmington, Del.). The nitrous 
oxide technique for the measurement of 
the cerebral blood flow was applied to 
7 psychotic patients before and after 
frontal lobotomy. The study was done 
within the week preceding operation and 
from 13 to 33 days after operation. The 
cerebral blood flow was found to be sig- 
nificantly decreased following operation 
from an average of 56 to 43 ec./100 gm. 
brain/min. (23%). The cerebral oxygen 
consumption was also significantly low- 
ered by 16% from 3.6 to 3.1 ce./100 gm. 
brain/min. The cerebrovascular resis- 
tance was found to be markedly increased 
following frontal lobotomy. The increase 
averaged 23% from 1.7 to 2.1 resistance 
units. No significant change was found 
in the mean arterial blood pressure, nor 
in the carbon dioxide, or oxygen contents 
of the arterial or internal jugular blood 
following frontal lobotomy. It seemed 
clear that the cerebral blood flow resulted 
from the increase in the cerebrovascular 
resistance. The increase in cerebrovascu- 
lar resistance could possibly be related to 
the decrease in cerebral metabolism, but 
the data did not clearly indicate this rela- 
tionship. The decrease in cerebral metab- 
olism seemed to be more likely the result 
rather than the cause of the lowered cere- 
bral blood flow. This was supported by 
a slight increase in arteriovenov~ oxygen 
difference indicating a relatively lowered 
oxygen supply to the brain following lo- 
botomy. An equally feasible theory for 
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the reduction of the cerebral metabolism 
following lobotomy is that operation 
interrupted important association path- 
ways leading to a decrease in the total 
number of stimuli playing upon the 
cerebral neurons with the lowered activity 
reflected in the lowered cerebral metabolic 
rate. 


The Standardization of Hemoglobin 
Measurement. Davin L. Drapkrn (Dept. 
of Physiological Chemistry, Graduate 
School of Medicine, Univ. of Penna.). In 
a continuation of our work upon the stand- 
ardization of hemoglobin,' it has proved 
desirable to secure an independent (non- 
hemoglobin or hemin derivative) method 
for the standardization of hemoglobin 
measurement, as well as of the instru- 
ments used for this purpose. The increas- 
ed popularity of photoelectric photometry, 
and the probable replacement of older 
“colorimetric” procedures by the more 
modern photometric techniques has madé 
it advisable to seek a standard applicable 
to the use of the photoelectric filter pho- 
tometers. 

Drabkin and Austin’s spectrophoto- 
metric standard? of cupric ammonium sul- 
fate (CuSO, in 2N NH,OH) has, accord- 
ingly, been successfully adapted for the 
standardization of hemoglobin measure- 
ment. The standard may be prepared 
from either high-grade, non-deliquescent 
crystals of CuSO,.5 H,.O, or, more elitely 
from Bureau of Standards copper.* Con- 
version factors have been obtained from 
the ratios of the optical densities, D values 
(= -log transmission), of 0.012 M Cu- 
SO,.4NH;. and of 0.0358 mM/L oxy- 
hemoglobin, HbOs, also of 0.0358 mM/L 
cyanmethemoglobin, MHbCN, for 3 types 
of spectrophotometers, the Bausch and 
Lomb polarization (3 instruments checked) 
and the Beckman photoelectric (2 instru- 
ments checked); the Hardy automatic re- 
cording instrument, and 2 filter photom- 
eters, the Evelyn (2 instruments checked) 
and the Klett-Summerson (6 instruments 
checked). With the spectrophotometers, 
the wave-length setting was at 540 mu. 
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With the filter photometers the green fil+ 
ters, with maximum transmission at \ 
540 mu were used. The concentrations 
chosen for the copper salt standard and the 
cyanmethemoglobin (a measure of total 
pigment*) were such that with the Bausch 
and Lomb spectrophotometer identical D 
values were obtained for the 2 solutions. 
The concentration of 0.0358 mM/L of 
HbO, or MHbCN is that yielded by a 
sample of blood, originally containing pre- 
cisely 15 gm. of hemoglobin per 100 ml., 
diluted 1 to 251 (as with a standardized 
capillary pipette of 20 c.mm. capacity, 
washed out into 5 ml. of solvent). 

Owing to the fact that the usu&l filters 
in filter photometers have a broad spectral 
span, the ratios of Davo, Dc, standard 
of Dyyppcn Dey standard (= 0.984 and 
1.080 respectively for the Klett-Summer- 
son instrument) once established can be 
used for that particular type of instru- 
ment. For each type of filter photometer 
they are independent of the character of 
individual photocells, test-tube cuvettes, 
and filter. This has been verified on sev- 
eral instruments of each type, as has been 
stated. In our hands the determinations 
with the separate instruments agreed with- 
in =1%. 

Thus, an Evelyn or Klett-Summerson 
filter photometer is calibrated for hemo- 
globin measurement by means of the gravi- 
metrically prepared independent standard 
of CuSO,.4NH;.H.O. The D value for 
blood containing 15 gm. of hemoglobin 
per 100 ml. is then obtained by the use 
of the conversion factors, which we have 
determined. The advantages of this 
method of standardization of hemoglobin 
measurement need not be enumerated. 
However, it may be pointed out that the 
method has far broader photometric ana- 
lytical possibilities. 

In 67 male and 15 female freshmen of 
the School of Medicine, University of 
Pennsylvania, the hemoglobin content of 
the capillary (finger-tip) blood, sampled 
by means of calibrated 20 c.mm. pipettes 
from May 23 to 30, 1946 (mean room tem- 
perature = 25.5° C.), 3 to’4 hours after 
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breakfast, with the subject in the sitting blood samples obtained after dinner from 

position, was found to be respectively 38 male students by venipuncture and 

16.3 (S.D. = +0.9) and 14.5 (S.D. = diluted macro-volumetrically had a hemo- 

+1.1) gm. per 100 ml. globin content of 15.5 (S.D. = +0.8) gm. 
In an earlier series (December, 1944) _ per 100 ml. 
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BOOK REVIEWS AND NOTICES 


Foop REGULATION AND COMPLIANCE. By 
Artuur D. Herrick, Member of the New 
York and Federal Bars. Vol. II. Pp. 655. 
New York: Revere Publishing Co., 1947. 
Price, $10.00. 


VoutuME I of this set appeared in 1944 and 
concerned itself primarily with the various 
aspects of food labeling, packaging, grading 
and advertising under the Federal and State 
laws governing the same. Such laws seek 
also to prevent the distribution of adulter- 
ated, deleterious and unwholesome foods. 
The present volume discusses food regula- 
tions concerned with the actual production, 
processing, packaging and storage of foods. 

Most of the discussions are limited to the 
Federal Food, Drug and Cosmetic Act and 
the various directives and court interpreta- 
tions of this body of law. Approximately 
half of the volume is devoted to mode of 
administration, controls, enforcement means, 
offenses and violations, criminal prosecution, 
seizure and injunctive proceedings. An ap- 
pendix abreviates the Federal Act and the 
general regulations for its enforcement. 

The book will be of value primarily to 
producers, processors, and distributors of 
foods to the public. H.YV. 


Wuat Is A Basic Survey. 
By Werner Wo rr, Professor of Psychol- 
ogy, Bard College, Annandale-on-Hudson, 
N.Y. Pp. 410; 39 figs. New York: Grune 
& Stratton, 1947. Price, $4.00. 

Tue writer states that psychology ‘deals 
with man’s inner experiences and his be- 
havior, with the interrelationship of both, 
with the organs influencing experience and 
behavior, and with*the relationship of the 
experiencing and behaving individual to his 
environment.”” Much space is accorded the 
psychoanalysis of Freud, together with the 
teachings of two of his leading followers— 
Alfred Adler with his individual psychology, 
and Carl Jung with his analytical psychol- 
ogy. In the chapter on Thinking, in a dis- 
cussion of the conditioned reflex pheno- 
menon, it is stated: “All involuntary reac- 
tions such as breathing, heartbeat, reactions 


to heat and cold, might be regulated, and 
that this is actually possible is shown by a 
method which has been used for thousands 
of years by the Hindus, the method of Yoga.” 
By the way, Freud’s “depthpsychology” 
would not be considered sufficiently deep for 
Yoga. 

“There is much disagreement as to a 
detailed definition of the term ‘personality.’ 
G. W. Allport is quoted as listing more than 
fifty definitions.”” This statement is followed 
by much criticism of various definitions; but 
the writer has none of his own to offer. The 
same is true in the discussion of “‘intelli- 
gence.”’ However, early in the book we are 
warned that psychology is a science of con- 
tradictions. There is a bibliography of 21 
pages and an ample index. 


N. Y. 


BucHANAN’s Manvat or Anatomy. By 
F. Woop Jongs, Ds.C., et al. 7th ed. 
Pp. 1616; 38 ills. Baltimore: Williams & 
Wilkins, 1946. Price, $10.00. 


Tus book is precisely what it professes 
to be, a manual of topographic anatomy. 
The subject is well covered, yet it is pre- 
sented in a clear and concise manner with a 
minimum of unnecessary detail. The bones 
are discussed at the greatest length in a 
series of chapters at the beginning of the 
book. The remainder of the volume is 
devoted to a topographic survey of each 
region of the body in turn, each structure in 
a given region being described and its rela- 
tionships presented. 

Very little histology or systematic embry- 
ology is included. The latter is disposed of 
in a single concise chapter. Histologic feat- 
ures are but briefly mentioned in conjunction 
with the gross deseriptions. 

The illustrations are black and white line 
drawings. While simple, and occasionally 
somewhat crude, they are clear and to the 
point, and they serve their purpose well. A 
few roentgenograms are also included. 

An appended glossary and series of bio- 
graphical notes are especially valuable. 

A. R. 
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THE PROCEEDINGS OF THE CHARAKA CLUB. 
Vol. XI. Pp. 243. New York: Richard R. 
Smith for The Charaka Club, 1947. Price, 
$7.00. 

Tue 24 contributions put forth in this 
volume date from 1940 to 1944, and about 
an equal number read before the Club are 
listed by title only. Continuing the aims for 
which this unusual organization was founded 
almost half a century ago by Collins, Dana, 
Holden and Sachs, its programs exhibit 
varied expressions of culture indeed. Medi- 
cal history, essays, biographical sketches— 
including memoirs of 6 deceased members— 
poetry, fiction, accounts of travel are some 
of the fields represented. Mention of indi- 
vidual items for the present volume would 
serve no useful purpose—an exception must 
he made, however, in favor of the sprightly 
essay on “The Lamentable Decline in Self 
Satisfaction,” presented in 1940 but even 
more applicable today than in that distant 
time. Suffice to say that, contrary to what 
one so often finds in scientific articles, these 
are uniformly well written, and few are with- 
out some general interest. Let us hope that 
a semi-centennial volume is already in the 
making, and that this distinguished group 
will continue its activities into the far future 
for the delectation of the general public as 
well as of its own members. 

E. K. 


Tue PERIPHERAL CIRCULATION IN HEALTH 
AND Disease. By Rosert L. Ricwarps, 
M.D., Rockefeller Fellow in Medicine; 
formerly Assistant Physician, Neurovascu- 
lar Unit, Gogarburn Hosp., Edinburgh. 
Pp. 153; 104 figs. Baltimore: Williams & 
Wilkins, 1946. Price, $6.00. 

Tuts book contains much information on 
the physiology and functional pathology of 
the arteries and the vasomotor nerves. The 
ereater part of the book is devoted to a study 
of the response of the skin temperature of the 
extremities to cold and reflex heat and to 
diagnostic nerve block. The vasomotor re- 
sponses of patients with organic arterial oc- 
clusive disease and with Raynaud’s phe- 
nomenon are discussed in detail. A chapter 
's devoted to the vasomotor response in 
patients with peripheral nerve injuries. 
Much information is present nere which 
-hould be valuable in studying these patients, 
particularly in determining the degree of 


nerve injury and the rate and amount of 
nerve regeneration as manifested through 
studying the vasomotor response in the 
digits and extremities. The final chapter are 
concerned with the immersion foot syn- 
drome. This book should prove of consid- 
erable value to those who are especially 
interested in diseases of the peripheral blood- 
vessels and nerves. One comment that 
might be made is although the volume 
claims to discuss the peripheral circulation, 
it devotes no space to diseases of the 
veins. This is a common error in the titles 
of papers and books. M. N. 


AND Bones. FUNDAMENTALS OF BONE 
Brotocy. By Josern P. Wernman, M.D., 
and Harry Sicner, M.D. Pp. 464; 
289 ills. St. Louis: C. V. Mosby, 1947. 
Price, $10.00. 

Tuis is an interesting book in a field here- 
tofore largely neglected; that is, the biology 
of bone. The authors devote 2 chapters to 
normal structure of bone and the major 
portion of the book to its pathologie condi- 
tions. Most of the affections of the skeletal 
system are discussed from the endocrine, 
vitamin and mineral effects and infection, 
traumata and tumors of bone. It should 
be a very valuable guide to those interested 
in bone and joint pathology, though it is to 
be hoped that the cuts will be more clearly 
reproduced in subsequent editions. In spite 
of this the book is a useful treatise on a 
much neglected topic and the combined 
efforts of the anatomist and pathologist 
have produced a very worthwhile volume. 

P. C. 


RETINAL SrrRucTURE AND CoLouR VISION. 
By E. N. Wittmer. Pp. 231; 77 figs. 
London: Cambridge Univ. Press; New 
York: Macmillan, 1946. Price, $4.50. 


Tue author reviews the current histologic 
and cytologic picture of the human retina. 
He points out the differences in the structure 
of the rods and cones and their neural con- 
nections, based on the current conceptions 
of Polyak, and their functions are discussed. 
On the basis of sensitivity curves, there 
seems to be little doubt that the retina con- 
tains 2 separate sets of sensory elements, 
each responding in different degrees to all 
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wave lengths of the visible spectrum which 
fulfills the minimum requirements for the 
discrimination of intensity in wave length. 
Keeping this in mind, in the rest of the book 
the author attempts to bring into line the 
known data of color vision in terms of stimu- 
lation of these 2 retinal receptors. This 
theory necessitates postulating the existence 
of 2 separate types of rods, (1) those, con- 
nected with visual purple, which function in 
dark adaptation, and (2) a non-adapting or 
“day rod” which have either never acquired 
or have lost the power of dark adaptation, 
although they still depend for their spectral 
sensitivity upon visual purple. These 2 types 
of rods, plus the cones, each would have its 
own spectral sensitivity and thereby fulfill 
the essential condition for complete color 
vision. 

The book is well written and the author 
presents a convincing hypothesis. He, him- 
self, admits and points out the weaknesses 
in his hypothesis. It should be read by all 
who are interested in the subject of color 
vision. F. A. 


ADVANCES IN Protein Vol. III. 
Edited by M. L. Anson, Continental 
Foods, Hoboken, and Joun T. Epsatt, 
Harvard Medical School, Boston. Pp. 
524. New York: Academic Press, 1947. 
Price, $7.50. 

To keep acquainted with the changing 
and growing fields of protein chemistry 
articles of the type contained in this volume 
is a necessity. Each author has presented a 
comprehensive treatment and critical evalua- 
tion of the subject within his special field 
of endeavor. The following topics are re- 
viewed: (1) Transamination and the Integra- 
tive Functions of the Dicarboxylic Acids in 
Nitrogen Metabolism, by Alexander E. 
Braunstein. (2) Ferritin and Apoferritin, by 
Leonor Michaelis. (3) Adsorption Analysis 
of Amino Acid Mixtures, by Arne Tiselius. 
(4) Spread Monolayers of Protein, by Henry 
B. Bull. (5) Films of Protein in Biological 
Process, by Alexander Rothen. (6) The 
Chemical Determination of Proteins, by 
Paul L. Kirk. (7) Reactions of Native Pro- 
teins With Chemical Reagents, by Roger 
M. Herriott. (8) The Amino Acid Require- 
ments of Man, by Anthony A. Albanese. 
(9) The Use of Protein and Protein Hydro- 
lyzates for Intravenous Alimentation, by 


Robert Elman. (10) The Preparation and 
Criteria of Purity of the Amino Acids, by 
Max 8. Dunn and Louis B. Rockland. (11) 
The Plasma Proteins and Their Fractiona- 
tion, by John T. Edsall. 

This 3rd annual volume maintains the 
same high degree of excellence observed in 
the earlier issues. H. V. 


Tue Acute INrectious Fevers. By ALEx- 
ANDER Jor, M.D., D.S.C., Univ. of Edin- 
burgh. Pp. 276; 64 ills. Phila.: Blakiston, 

1947. Price, $4.50. 

Tue expressed purpose of this book is to 
present the personal experience of the author 
to the beginners in the field of infectious 
diseases. The common contagious diseases, 
puerperal sepsis, cerebral spinal fever, enteric 
fever, erythema infectiosum and serum reac- 
tions are discussed. 

Adequate description of the symptoms, 
pathology, etiology and complications are 
presented. Detailed nursing and supportive 
care is presented in each chapter. This 
should aid in comforting the patient. The 
author has evidently mastered this phase of 
the art of therapy. However, the description 
of the newer antibiotics is inadequate. Al- 
though sulfonamides are recommended for 
7 of the 13 diseases, the toxic reactions to 
these drugs are briefly mentioned and only 
once, in the sixth chapter. The index does 
not refer to sulfonamide toxicity. Penicillin 
is mentioned briefly but the author fails to 
prescribe it in the therapy of agranulocytosis. 
The value of penicillin in the treatment of 
puerperal fever is regarded as subjudice; yet 
the author advises the intrauterine instilla- 
tion of glycerine in this condition. To the 
reviewer, this seems to be a dangerous prac- 
tice. Streptomycin is not mentioned in the 
book. The adrenal extract therapy in the 
Waterhouse-Fridericksen syndrome is not 
discussed. The use of anti-histamine medi- 
cation in combating penicillin and serum 
reactions is not mentioned. 

No bibliography is presented. 

In a field in which therapeutics is rapidly 
changing, a complete treatise should contain 
the experience of a seasoned clinician plus 
the recent discoveries of the research worker. 
The scope of this book adequately presents 
the former but not the latter. 

M. P. 
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FUNCTIONAL CARDIOVASCULAR DisEAsE. By 
Meyer FriepMan, M.D., Lt. Col. Med. 
Res. Corps, U.S.A.; Director Harold 
Brunn Inst. for Cardiovascular Research, 
Mt. Zion Hosp.; ete. Pp. 266; 24 tables. 
Balt.: Williams & Wilkins, 1947. Price, 
$3.00. 

Tuts book represents the effort of an 
internist trained in cardiovascular dynamics 
and clinical medicine to deal with the subject 
commonly spoken of as neurocirculatory 
asthenia ‘‘by filling in the physiological gaps 
between the concept of the disease held by 
the internist and that held by the psychia- 
trist.” In other words, physiological reac- 
tions have been sought to explain the oecur- 
rence of the various phenomena arising in 
this disorder. The author has gone a step 
further than the usual medical approach to 
this subject both from the physiological and 
psychological standpoint. In spite of some 
valuable physiological and clinical observa- 
tions on the mechanism of pain, the patho- 
venesis of giddiness and the introduction of 
new concepts of the pathogenesis of the 
total disorder, it is doubtful if the study 
brings us much closer to an understanding 
of this complicated problem. The use of a 
new terminology—cortico-hypothalamiec im- 
halanee, cortical recession, etc., seems un- 
fortunate. Apparently, the author has 
developed his own psychological approach in 
trying to understand and treat the acute and 
chronic sufferers from this disorder, and, 
when he is asked why the Function Cardio- 
vascular Disease syndrome should not be 
called “anxiety neurosis,” he can find no 
objection if “it is realized that many so- 
called cases of anxiety neurosis are probably 
not due to anxiety.”” This would seem to 
represent a pit-fall of the clinical observer 
untrained in psychodynamics. Finding the 
source of anxiety in anxiety neurosis depends 
upon the psychological training and experi- 
ence of the observer. As Ewing said about 
the microscope as an instrument of precision, 
“It all depends on who is looking through 
it.’ Similar criticism might be made con- 
cerning the psychotherapy developed by the 
author; but in spite of an obvious lack of 
training in this field he has made some 
shrewd and helpful observations. 

These criticisms, however, should not 
detract from the many interesting and valu- 
able observations contained in this careful 
study, which can be highly recommended 
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both to internists and psychiatrists. The 
former will gain a better appreciation of 
emotional factors and the latter will benefit 
from the careful scientific discipline demon- 
strated by the author’s approach. 

E. W. 


NUTRITIONAL AND VITAMIN THERAPY IN 
GENERAL Practice. By Epaar 8. Gor- 
pon, M.D., Pu.D., Assoc. Prof. of Medi- 
cine, Univ. of Wisconsin. 3d ed. Pp. 410. 
Chicago: Year Book Publishers, 1947. 
Price, $5.00. 

Dr. Gorpon has written a comprehensive 
survey of available information in the nutri- 
tion field. Included are chapters on all of 
the vitamins, on minerals, protein, fat and 
carbohydrate. There is also a chapter on 
weight control, one on dental problems in 
nutrition and a final chapter dealing with the 
economic side of nutrition. Under every 
heading, is a brief historical background, a 
simple statement of the chemistry and phy- 
siology fundamental to an adequate under- 
standing of the réle of the dietary component 
in question with practical consideration of 
the therapeutic indications for, and ways of 
handling intelligently, the clinical adminis- 
tration of each nutrient. The text is well 
documented by references, food tables, a list 
of available commercial preparations, and a 
brief summary of laboratory methods of 
dosage for deficiency diseases. The result is 
a volume useful both to the student of 
nutrition and to the clinician. 


K. E. 


Gastritis. By Scurnpier, M.D., 
F.A.C.P., Clinical Prof. of Internal Medi- 
cine (Gastroenterology), College of Medi- 
cal Evangelists, Los Angeles, Cal.: Pp. 
462; 96 ills., 2 color plates. New York: 
Grune & Stratton, 1947. Price, $10.00. 


A Book that comprises a complete treatise 
on the subject of gastritis, it contains chap- 
ters on history, definitions used, classifica- 
tions, gross and microscopic pathology, clini- 
cal considerations (etiology, symptoms, diag- 
nosis, course, prognosis and treatment), 


-concomittant diseases and sequelle of gas- 


tritis. In addition there is a chapter devoted 
to gastritis in Military Medicine. Fifty-five 
selected cases of gastritis are summarized. 
There is an excellent bibliography of 401 
references. 
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The subject matter on a rather contro- 
versial disease is clearly presented by one of 
the leading authorities in the field of gastro- 
scopy. The author draws freely on a very 
large personal experience but also presents 
opinions and experiences of others. Not any 
of the phases dealing with the subject are 
neglected. A close correlation between gas- 
troscopic and microscopic findings is estab- 
lished. There are 89 large reproductions of 
photomicrographs of tissue sections, 4 photo- 
graphs of gross specimens, and 2 color plates 
that present 12 gastroscopic pictures of 
normal mucosa, chronic gastritis, tumor 
forming gastritis and atrophic gastritis with 
carcinoma. These add greatly to the value 
of the book, which reads easily, is well 
written and brings the subject matter up to 
date. It may be read with profit by internists 
as well as specialists in the field. 
T. M. 

THE PsYCHOANALYTIC STtuDY OF THE CHILD. 

Volume II. Editorial Board (United 

States): Greenacre, M.D., 

Heinz Hartmann, M.D., et al. Great 
Britain: ANNA Frevup, Horrer, 
M.D., Px.D., L.R.C.P., Epwarp GLover, 
M.D. Pp. 424; 6 tables. New York: 
Internat. Univ. Press., 1946. Price, $7.50. 


An illustrative method of treatment is 
found in the Analysis of a Case of Night 
Terror, about a boy who, having witnessed 
sexual relations between quarrelsome par- 
ents, regarded his father’s performances as 
sadistic and developed a sympathetic affec- 
tion for his mother. Soon amorous feelings 
for the analyst were experienced and expos- 
ure of his person followed. Secretly observing 
other children having sexual relations led to 
masturbation, and immature desire induced 
a proposal of marriage to his analyst. Psy- 
choanalytic interviews of about a year and a 
half gave relief from night terror and general 
improvement. At about 14 he passed 
through normal puberty. 

Though psychiatrists of the eighteenth and 
nineteenth centuries knew disturbed emo- 
tions could lead to neuroses, they were not 
aware of conflicts. However, J. B. Felix 
Descuret, a French physician, realized their 
significance as a cause of psychosomatic 
symptoms. Among other interesting topics 
discussed are The Child’s Laughter, Twins, 
and a Case of Superego Deterioration. 

N. Y. 
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MANUAL DE DermatoLoaia. Editado bajo 
los auspicios del Comité Médico de la 
divisién de Ciencias Médicas del ‘‘National 
Research Council.”” Por Donatp M. 
Prtispury, M.D., Marion B. Svutz- 
BERGER, M.D., CLARENCE 8. LivinGcoop, 
M.D. Translated by Roserto QueERo, 
M.D. Pp. 470; 108 ills. Havana, Cuba: 
Publicaciones Cientificas (M. V. Fres- 
neda, Ed.), 1947. Price not given. 


Tuts volume is the Spanish rendition of 
the popular Manuat or DERMATOLOGY 
(Saunders, Philadelphia, 1942), reviewed in 
this Journal, March, 1943, Vol. 205. The 
translator has stuck faithfully to the Ameri- 
can text and the publishers have dressed up 
the physical appearance of the book by the 
addition of a two-toned cover and a con- 
venient thumb-mark to the appendix: The 
page and type size of the translation are 
somewhat larger than those of the American 
edition. This edition extends to the Latin 
American countries the usefulness of an 
already widely accepted book. 

H. B. 


PsycuiaTric ResgARcH. Papers Read at 
the Dedication of the Laboratory for Bio- 
chemical Research, McLean Hosp., Wav- 
erly, Mass. By Ceci K. Drinker, Jorp 
Foucu, StanLtey Cops, Hersert §. Gas- 
sER, WILDER PENFIELD and Epwarp A. 
Srrecker. Pp. 113; 7 ills. (Harvard Univ. 
Monograph in Medicine and _ Public 
Health, No. 9). Cambridge: Harvard 
Univ. Press, 1947. Price, $2.00. 


Tuis series of addresses at McLean Hos- 
pital is opened by a history of research at 
that hospital written by Cecil Drinker. A 
survey, by Jordi Folch, of the chemical brain 
follows, in which are listed the brain’s lack 
of a lymphatic system, its abundant blood 
supply, its very high oxygen consumption, 
its specialized metabolism with a unique 
chemical composition and a blood-brain bar- 
rier. Stanley Cobb describes the applications 
of research techniques to patients at the 
Massachusetts General Hospital. Herbert 
Gasser advances the suggestive statement 
that the most significant contribution tv 
biology within the span of his lifetime is the 
elucidation of the steps in intermediary 
metabolism. Edward Strecker, emphasizin: 
the importance of psychiatric research, state: 
his conviction that the exact sciences nee: 
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less-exact psychiatry to save man from 
destroying himself. Wilder Penfield describes 
the research possibilities in a study of psychi- 
cal seizures. _E.B. 


MepicaL Curnics or NorrH AMERICA. 
March 1947. Nationwide Number. Sym- 
posium on Diabetes. Pp. 259-495. Phila.: 
W. B. Saunders. Price, $16.00 a year. 
THIS symposium on diabetes is a useful 

summary of current concepts of this disease. 

Although the papers might have been ar- 

ranged in a somewhat more effective order, 

the material in them should interest physi- 
cians in the field of Internal Medicine. Some 
of the laboratory aspects are discussed by 

Drs. Lawrence, Mosenthal and Marble. 

Methods of handling various clinical prob- 

lems are described by Drs. Boyd, White, 

Sprague, Root, Brigham, Duncan, Ling and 

Rynearson. The modern preparations of 

insulin and their uses are discussed by 

Drs. Colwell, Peck and Goldner. The col- 

lection is rounded out by Drs. Striker, Wil- 

kerson, Bailey and White and Mr. Herbert 

Marks who summarize past progress and 

indicate trends of current and future work. 
One of the most interesting aspects of the 

symposium as a whole is the attitude of the 
various writers concerning the degree of 
control of the diabetes and the goal of 
therapy. With the recent enthusiasm on 
the part of some writers for a regimen which 
allows glycosuria and elevated blood sugars 
as long as the patient feels well and is clini- 

cally in good condition, there has been a 

tendency on the part of many doctors to feel 

that they can safely relax the older, more 
rigid standards. It is interesting to see, 
however, that this group of experienced men 
from different parts of the country, writing 
on different aspects of diabetes, agree on 
the advisability of maintaining blood sugar 
levels within normal limits and keeping gly- 
cosuria at a minimum. 

The sections on the interpretation of 

lucose Tolerance Curves and the Melli- 
turias should be of practical value to the 
physician confronted with a borderline case. 

A'though there is nothing very new pre- 

sented in the papers on insulin, they do give 

an adequate and useful summary of the 
available preparations, their activities and 
the indications for each. The physiology, 
pathology and treatment of the complica- 
tions of diabetes as well as acidosis and 
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coma are ably discussed. Dr. White’s ob- 
servations on pregnancy complicating dia- 
betes of long duration are of particular 
importance in view of the increasing number 
of childhood diabetics now reaching the 
child-bearing age. 

Although the protagonists of free diet are 
not represented, the symposium will give 
the general practitioner a fair view of the 
opinions of the majority of specialists in 
diabetes. H.C. 


OF OPERATIVE SurGERY. By H. 
E. Mosiey, M.D., F.A.C.S., Chief of 
Surgery, St. Antony’s Hosp., Morrilton, 
Ark. 2nd ed. Pp. 416; 383 ills., 37 in 
color. St. Louis: C. V. Mosby, 1947. 
Price, $6.00. 

In this book an attempt is made to show 
and describe the essential steps of all the 
common operations of general surgery and 
the specialties, neurosurgery, urology, ortho- 
pedies, gynecology and otolaryngology. “It 
is the author’s hope that the fundamental 
principles of operative technique presented 
will give the student the desired information 
without extensive research on his part.” 

Discussion of preoperative and postopera- 
tive care and anesthesia in the first 3 chap- 
ters will seem inadequate to the present-day 
medical student, and some statements will 
be surprising, e. g., ‘‘ Adrenalin chloride heads 
the list of drugs to combat shock.” In the 
next 3 chapters there are general remarks 
about surgical technique, knot-tying and 
suturing, and incisions. Some inadvisable 
incisions are shown, e. g., longitudinal inci- 
sions across flexion creases. In the rest of the 
book operations on the various regions of the 
body are described and illustrated. For the 
most part, sound and well-established pro- 
cedures have been chosen, and the descrip- 
tions are clear and accurate. To the novice 
the small size of the illustrations and the 
omission of some steps may be a handicap. 
Indications for operations are mentioned 
briefly, if at all, and in some instances, such 
as the recommendation for local excision of 
non-obstructing gastric ulcer, are not in 
agreement with current surgical teaching. 
Also, few will agree with the statement that 
the injection treatment of inguinal hernia 
gives “results as good or better than those 
of the operation.”” Busy students, however, 
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desiring ready access to essential details of 
operative surgery, will doubtless find this 
book useful. C. K. 


VITAMINS AND Hormones. Advances in 
Research and Applications. Edited by 
Ropert 8. Harris and Kennetu V. 
Tuman. Vol. IV. Pp. 406. New York: 
Academic Press, 1947. Price, $6.80. 


Tue following subjects are reviewed: The 
Newer Hematopoietic Factors of the Vita- 
min B Complex, by J. J. Pfiffner and A. G. 
Hogan; Nutrition and Resistance to Infec- 
tion: The Strategic Situation, by H. A. 
Schneider; Manifestations of Nutritional 
Deficiency in Infants, by F. W. Clements; 
Effect of B Vitamins on the Endocrinological 
Aspects of Reproduction, by Roy Hertz; 
Nutritional Therapy. of Endocrine Disturb- 
ances, by M. S. Biskind; The Thyroid and 
Diabetes, by B. A. Houssay; Thyroactive 
Iodinated Proteins, by E. P. Reineke; The 
Protein Anabolic Effects of Steroid Hor- 
mones, by C. D. Kochakian; Methods of 
Bioassay of Animal Hormones, by S. A. 
Thayer. 

As in previous volumes the subjects are 
well covered by authors familiar with their 
respective fields. The author of the second 
chapter has deviated somewhat from the 
customary type of scientific review in that 
the discussion is more philosophic. In the 
Reviewer’s opinion this departure is a pleas- 
ant interlude from the usual recitation of 
facts and observations, even though it may 
not so well answer the needs of the scientific 
investigator. 

There are several minor errors, either 
typographic or otherwise. Some of these 
are found on pages 93, 168, 271, 320, 338 
and 354. On page 200 the reader is informed 
that 9 out of 19 equals 52%. These are all 
minor and can easily be overlooked. 

This volume includes a cumulative index, 
both author and subject, for the first 4 vol- 
umes. J. J. 


Dr. SamueL GuTHRIE, DiscovERER oF 
CuLorororM. By J. R. Pawiina, M.D. 
Pp. 122; 26 ills. Watertown, N. Y.: 
Brewster Press, 1947. Price, $3.50. 
Tuis is the story of a physician who settled 

in upper New York State in 1817, erected 


laboratory; manufactured gunpowder, and 
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a gun-powder mill, a distillery, a chemical 


NOTICES 


changed flint-lock to punch locks, carried 
on research in chemistry and discovered 
chloroform. The little volume, well illus- 
trated and documented, is of interest to 
medical historians and to specialists in 
anesthesiology. It serves the purpose of 
bringing together data about a little known 
man whose accomplishments in the scientific 
world have been recognized only relativel; 
recently. R. D. 


Expertences Wits Fouic Actip. By Tom 
D. Spres. Pp. 110; 34 figs. Chicago: 
The Year Book Publishers, 1947. Price, 
$3.75. 

Tuts small monograph is principally a 
summary of observations on the clinical 
use of folic acid made at Cincinnati, Ohio, 
Birmingham, Ala., Havana, Cuba, and San 
Juan, Puerto Rico, by Dr. Spies and his 
associates. Two of these medical centers are 
located in the temperate zone where perni- 
cious anemia is common and sprue is un- 
common; the other 2 in the tropical zone 
where the opposite is the case. This arrange- 
ment afforded an opportunity to study the 
effect of folic acid on both of these diseases 
which are characterized by a macrocytic 
anemia. 

In addition to giving some of the results, 
the methods of approach are also outlined 
in full, including the routine of handling the 
patients. The main conclusions are: (1) 
Folic acid (pteroylglutamic acid) is very 
effective in treating nutritional macrocytic 
anemia, sprue, the anemia of pellagra and 
the macrocytic anemia of pregnancy. (2) 
Folic acid is very beneficial in the treatment 
of pernicious anemia and will correct the 
blood dyscrasia, but the neurologic signs, 
which frequently occur in pernicious anemia, 
were not prevented or cured. In this respect 
folic acid is not so beneficial as liver extract. 
(3) The daily dose of folic acid, either par- 
enterally or orally is 10 to 20mg. J. J. 


TueraPevtic Exercise. By F. H. Ewer- 
HARDT, M.D., and Gertrupe 
B.S.R.N., R.P.T. Pp. 152. Phila.: Lea 
& Febiger, 1947. Price, $2.50. 

Tus concise manual, with its clear defi- 
nitions, will be useful to all those who work 
in the Orthopedic field. Joint motion grap!s 
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and notations on methods of muscle testings 
aid in presenting a clear picture of muscle 
participation in joint movements. There is 
a good chapter explaining muscle contrac- 
tion with the effect of artificial stimuli by 
various agents. Applicable treatment and 
exercise for weak lower back, abdominal 
muscle weakness and flat feet are considered. 
Treatment for various diseases of the heart, 
hemiplegia, injuries to the seventh nerve, 
arthritis, tabes dorsalis and respiratory 
cases are other things touched upon. The 
causes and treatments of poliomyelitis are 
discussed at length, with indications for 
administration of hot packs, together with 
an evaluation of muscle spasm. Muscle re- 
education in poliomyelitis is emphasized as 
the chief part of the treatment. A valuable 
study of the spastie child not only includes 
clinical findings but a well-rounded program 
for medical treatment including Physiother- 
apy and Occupational Therapy. This book 
is a comprehensive presentation; however, 
it would be interesting and valuable to have 
had more of the Occupational Therapist’s 
point of view on many items of treatment. 
V. C. 

GENETICS, MEDICINE, AND Man. By H. J. 

Mutter, Indiana University, and C. C. 

Lirrte, Roscoe B. Jackson Memorial 

Laboratory, and H. Snyprer, Ohio State 

Univ. Pp. 158; 29 figs. Ithaca, N. Y.: 

Cornell Univ. Press, 1947. Price, $2.25. 

In language easily understood, the chap- 
ters on Genetic Fundamentals discuss the 
present-day concepts of the principles of 
heredity, of the relation of the gene to the 
organism, to sexual reproduction, and the 
“causes that have led to its ascendency 
among higher living things.” Sections on 
Parental Influence and Growth and Indi- 
viduality deal with the recognized parenteral 
factors that may affect the offspring biologi- 
cally. Due credit is given to the knowledge 
gained through controlled experiments on 
laboratory mammals. 

It is shown how Human Heredity and the 
Mutant Gene in Man have now sufficiently 
entered the realm of scientific knowledge so 
that sound advice may be given toward the 
prevention of disease and the solving of 
some medico-legal problems. Concerning 
the Rh blood types, the authors state that 
recent investigations “have indicated that 
the lack of oxygen caused by the destruction 


of the embryo’s erythrocytes may cause 
mental deficiency” and add: “It would 
seem to be a wise precaution for every woman 
entering upon marriage to consult her physi- 
cian in regard to her Rh type of blood.” 
Another interesting observation cited is 
that through the study of electroencephalo- 
grams, Lennox and his associates have found 
that 1 or both parents of an epileptic usually 
shows cerebral dysrhythmia, if not epilepsy. 
The existence of such recordings may make 
it possible to determine whether or not nor- 
mal persons of an epileptic family can trans- 
mit the underlying gene. Many other com- 
plex hereditary and environmental influences 
receive careful scientific consideration in this 
small book. N. Y. 


An Inrropuction TO- BACTERIOLOGICAL 
Cuemistry. By C. G. ANpgerson, Px.D., 
Wellcome Physiological Research Labora- 
tories, Beckenham, Kent, England. 2nd 
ed. Pp. 500; 34 tables; 11 figs. Baltimore: 
Williams & Wilkins, 1946. Price, $5.00. 
Tue Ist edition of this book, which was 

well received, has been improved by the 

inclusion of chapters on Antibiotics and 

Growth Factors. By the addition to chapter 

endings of references to reviews and mono- 

graphs its usefulness has been enhanced. 

In early texts on bacteriology one often 
found a discussion of the question of the 
plant and animal nature of bacteria. It 
was thought, when the chemistry of nucleic 
acids was being studied and the plant nucleic 
acids were supposed to be different from ani- 
mal nucleic acids, that a knowledge of the 
bacterial nucleic acids would aid in distin- 
guishing the plant or animal characteristics 
of bacteria. Again the early question of the 
presence of nuclei in bacterial cells was also 
to be solved by studying the nucleic acids, 
which were the characteristic constituents 
of the nucleus. Since 1936, however, both 
of these expectations were frustrated when 
Casperson showed that nucleic acids were 
found in both the nucleus and cytoplasm, 
and others have found that both types of 
nucleic acids are found in the same cell. 
In fact, in the liver more than 3 times the 
quantity of the so-called plant type than 
of the animal type has been reported. 

It is disappointing to find that the author 
on page 332 describes the nucleic acids as 
being made up of nucleotides of “2 main 
types (a) those derived from yeasts and 
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plants and (6) those derived from animals.” 
Although some of his latter references refer 
to “animal or desoxyribonucleic acid” and 
“plant or ribonucleic acid,” no mention is 
made of the present-day knowledge that 
both types do occur in the same animal cell. 
Again, on page 60, one finds it difficult to 
understand the meaning of “on hydrolysis 
those (nucleoproteins) of the tubercle bacil- 
lus give a mixture of the primidine and 
purine types of nucleic acid, but those of 
most other bacteria give the purine type 
only.” Such a division of nucleic acids is 
unknown so far as one can find in the most 
authoritative sources. J.S. 


A History oF Scrpntiric The 
Story of its Evolution Based on a Study 
of Biomedical Terminology. By EpMuND 
AnpreEws, M.D. Pp. 342; 18 figs. New 
York: Richard R. Smith, 1947. Price, 
$7.50. 


ScreNtists, and particularly American 
scientists, are often reproached, and with 
some justice, for the imperfections of form 
in which their scientific presentations are 
couched. At the basis of many of the bar- 
barisms, or obscure or even misleading state- 
ments, is an ignorance of the true meanings 
of the words used, which naturally links 
itself with inability to express shades of exact 
meaning so important in scientific writing. 
For all such writers, this book, the last work 
of a brilliant surgeon and philologist who 
died when only 48 years old, can be a verit- 
able vade mecum, providing a wealth of 
practical information and many explanations 
of the evolution of scientific nomenclature. 
For some it will go much further, stimulating 
an interest in words, their derivations and 
their meanings that may constitute a per- 
manent intellectual satisfaction. 

E. K. 


NEW BOOKS 


Cornell Conferences on Therapy. Vol. II. 
Edited by Harry Gotp, M.D., et al. 
Pp. 354. New York: The Macmillan Co., 
1947. Price, $3.75. 


A Neuro-Vascular Syndrome Related to 
Vitamin Deficiency. By Henprix Smit- 
SKAMP. Pp. 114. Amsterdam: Scheltema 
& Holkema, 1947. No price given. 
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Zeitschrift fur Vitamin-, Hormon- und Fer- 
mentforschung. Von ABDERHALDEN. 
I Band, Heft 1 und 2. Pp. 215. Wien: 
Urban & Schwarzenberg; New York: 
Grune & Stratton, 1947. Price, $20.00 a 
year. 


History of Medicine. By C. Mer- 
TLER, Pu.D., Late Ass’t Prof. of Medical 
History, Univ. of Georgia. Pp. 1215; 16 
ills. Philadelphia: Blakiston, 1947. Price, 
$8.50. 

George Crile, an Autobiography. Edited by 
GRACE Crite. In 2 vols. Pp. 624; 22 ills. 
Philadelphia: J. B. Lippincott, 1947. 
Price, $10.00. 


The Thematic Apperception Test. By SILvan 
S. Tomkins, Pu.D. With the Collabora- 
tion of J. Tomxkrns, B.A. 
Pp. 297. New York: Grune & Stratton, 
1947. Price, $5.00. 


Conference on Metabolic Aspects of Convales- 
cence. Edited by Epwarp C. REIFEN- 
STEIN, Jr., M.D. Transactions of the 13th 
and 14th Meetings. Pp. 232 and 190; 67 
and 78 figs. New York: Josiah Macy, Jr. 
Foundation, 1947. Price, $2.00 a copy. 


Neutron Effects on Animals. By the Starr 
OF THE BiocHEMICAL RESEARCH FounpDa- 
TION, Newark, Delaware, Ettice McDon- 
ALD, M.D., Director. Pp. 198; 29 ills. 
Baltimore: Williams & Wilkins, 1947. 
Price, $3.00. 

Dr. Kirkbride and His Mental Hospital. By 
Eart D. Bonn, M.D. Pp. 162; 7 ills. 
Philadelphia: J. B. Lippincott, 1947. 
Price, $3.50. 

The Practical Nurse. By Dorotay DEMING, 
R.N., Consultant in Public Health Nurs- 
ing. Pp. 370. New York: The Common- 
wealth Fund, 1947. Price, $3.00. 

Spezifische Typhustherapie. Von Dozent 
Dr. Ferpinanp Naat und Dr. Oskar 
LacHNER. Pp. 63; 32 figs. Wien: Wilhelm 
Maudrich; New York: Grune & Stratton, 
1947. Price, $2.20. 

Osteophthisis Pelvis et Femorum. Von Dr. 
GottrriepD HarTMANN. Pp. 183; 19 ills. 
Wien: Wilhelm Maudrich; New York. 
Grune & Stratton, 1947. Price, $5.00. 

Ear, Nose and Throat. By Grorce D. Wotr. 
M.D., Ass’t Clinical Prof. of Otolaryngol- 
ogy, New York Medical College. Pp. 52°; 

149 ills., 25 with color. Philadelphia: 

J. B. Lippincott, 1947. Price, $10.00. 
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The Metropolitan Life. By Marquis JAMEs: 
Pp. 480; 33 ills. New York: The Viking 
Press, 1947. Price, $5.00. 

Essentials of Pharmacology. By FRances 
K. OtpHam, M.Sc., Pu.D., F. E. 
Pu.D., and E. M. K. Geruie, Px.D., 
M.D., Distinguished Service Professor and 
Chairman of the Department of Pharma- 
cology, the Univ. of Chicago. Pp. 440; 
5 ills. Philadelphia: J. B. Lippincott, 
1947. Price, $5.00. 

Tus volume presents an adequate outline 
of pharmacology, including discussion of numer- 
ous agents quite recently introduced. The 
reader who seeks a more complete description 
of drug action or an examination of the basic 
physiology and biochemistry of rational therapy 
is, however, likely to be disappointed. It should 
make a useful textbook for nurses, dental 
students, pharmacists and others who desire 
an accurate and up-to-date bird's-eye view of 
pharmacology. 

A Concise Comparative Anatomy. By Wi- 
LIAM Henry Atwoop. Pp. 413; 303 ills. 
St. Louis, Mo.: C. V. Mosby, 1947. Price, 
$3.75. 

Stereoscopic Atlas of Neuroanatomy. By H.8. 
Rusrystern, M.D., Px.D., Director, Al- 
fred Ullman Laboratory for Neuro- 
psychiatric Research, Baltimore, and 
C. L. Davis, M.D., Prof. of Anatomy, 
Univ. of Maryland. Pp. 20; 43 ills. New 
York: Grune & Stratton, 1947. Price, 
$10.00. 

Beitrage Kenntnis der Blutgerinnung. 
Von W. K. Riesen. Pp. 96; 26 ills. Basel: 
Benno Schwabe & Co., 1947. Price, 
Geb. fr., 9. 

Hodgkin’s Disease and Allied Disorders. By 
Henry Jackson, Jr., M.D., Ass’t Prof. 
of Medicine, Harvard Medical School, and 
FREDERIC PARKER, JR., M.D., Assoc. 
Prof. of Pathology, Harvard Medical 
School. Pp. 177; 14 plates. New York: 
Oxford University Press, 1947. Price, 
$6.50. 

Endogeneous Endocrinotherapy Including the 
Causal Cure of Cancer Compendium. By 
Dr. Jutes Samugts. Pp. 539. Amster- 
dam, Holland: Holdert & Co., 1947. No 
price given. 

Diagnosis in Daily Practice. By BENJAMIN 
\. Wurrr, M.D., Ass’t Clinical Prof. of 
Medicine, Yale Univ., and CHarues F. 
(ZESCHICKTER, M.D., Prof. of Pathology, 
Georgetown Univ. Pp. 693; 360 ills. 
Philadelphia and London: J. B. Lippin- 
cott, 1947. Price, $15.00. 


Fundamentals of Neurology. By Ernest 
GarvDNER, M.D., Ass’t Prof. of Anatomy, 
Wayne Univ., Detroit. Pp. 336; 133 ills. 
Philadelphia and London: W. B. Saunders, 
1947. Price, $4.75. 

Any book which attempts to clarify for the 
beginner the mysteries of the nervous system 
must be approached with anticipation and wel- 
come. No task could be more difficult or require 
more courage. It is inevitable that some sub- 
jects be sacrificed to the importance of others. 
Gardner has performed a useful task in this 
little volume. He approaches his subject from 
a somewhat different angle than others who 
have written on similar subjects. The book 
covers the subject quite adequately and can be 
recommended for medical students and all those 
who seek an authoritative background in 
neurology. B A. 


NEW EDITIONS 


Diagnostic Bacteriology. By IsaBELLE GIL- 
BERT Scuaus, A.B., and M. KATHLEEN 
Fotey, A.B. 3d ed. Pp. 532. St. Louis: 
C. V. Mosby, 1947. Price, $4.50. 


A Textbook of Bacteriology. By THurmMan 
B. Rice, A.M., M.D., Prof. of Bacteri- 
ology, Indiana Univ. 4th ed. Pp. 603; 
126 ills. Philadelphia and London: W. B. 
Saunders, 1947. Price, $6.50. 


Pharmaceutical Arithmetic. By Ianarius J. 
Be.iariore, Ass’t Prof. of Pharmacy, 
St. John’s Univ. College of Pharmacy, 
Brooklyn. 2d ed. Pp. 395. St. Louis: 
C. V. Mosby, 1947. Price, $3.75. 


Penicillin Therapy. By J. R. Goyau. 2d ed. 
Pp. 177. Delhi, India: Medical Review 
of Reviews, 1947. No price given. 


Physical Medicine in General Practice. By 
WituiaM Brerman, M.D. With a Chapter 
on Medical Rehabilitation by Simpnry 
Lient, M.D. 2d ed. Pp. 686; 310 ills. 
New York: Paul B. Hoeber, 1947. Price, 
$8.00. 


Textbook of Zoology. By Grorae Epwin 
Potrer, Px.D., Prof. of Zoology, Agri- 
cultural and Mechanical College of Texas. 
2d ed. Pp. 948; 445 figs. St. Louis: C. V. 
Mosby, 1947. Price, $5.00. 


Tuis edition includes revision of several chap- 
ters and a new section on Mammalian Develop- 
ment. It represents a combination of type 
material (588 pages) with chapters on Regenera- 
tion, Parasitism, Comparative Embryology, 
Biological Effects of Radiation, et cetera., 
written by specialists. A glossary, bibliography 
and exceptionally clear illustrations directly 
labelled add much to the value of the book. 

A. 
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Practical Clinical Psychiatry. By Epwarp A. — Artificial Pneumothorax in Pulmonary Tuber- 
Srrecker, M.D., Frankutn G. Epaveu, culosis. By T. G. Heaton, M.B., Chest 
M.D., and Jack R. Ewaur, M.D. With Clinician, Toronto Western Hospital. 2d 
Section on Psychopathologic Problems of ed. Pp. 292. Toronto: The Macmillan 
Childhood. By Leo Kanner, M.D. 6th Co., 1947. Price, $4.50. 

Blak- Illustrations of Regional Anatomy. By E. B. 
Jamieson, M.D., Senior Demonstrator 


ge 
In this sixth edition, a psychiatric textboo and Lecturer Emeritus, Anatomy Depart- 


record, new chapters will be found on Traumatic 


Reactions, Psychosomatic Medicine and Patho- ment, Univ. of Edinburgh. 7th ed. 320) 
logical Drinking. Earlier chapters are rewritten Ills. Baltimore and London: Williams & 
under the heading Personality Development. Wilkins, 1947. Price, $20.00. 
Such changes leave this the best single book on alt 
psychiatry for the medical student and the HIS series consists of a / volume atlas com- 
general physician, and a reference source for posed solely of illustrations without accompany- 
the psychiatrist . : E.B ing text. Each volume takes up a major region 
an eee of the body such as thorax, abdomen, lower 
A . ae extremity, et cetera, picturing all systems in the 
An Atlas of Anatomy. By J.C. BoILEat given region. The illustrations are well done 
Grant, M.C., M.B., Cu.B., F.R.CS. They are printed on glossy paper, are attrac- 
(Epin.), Prof. of Anatomy, Univ. of tively colored, and are simple and clear. Un- 
Toronto. 2d ed Pp. 496; 591 ills. Balti- necessary detail is omitted. This set should be 
useful to the student of surgery and as a labor- 
more: Williams & W ilkins, 1947. Price, atory manual at the dissecting table. A. R. 
$10.00. 
Fundamentals of Clinical Neurology. By 
Recent Advances in Medicine. By G. E. H. Houston Merritt, M.D.,*Frep A. 
Beaumont, D.M., F.R.C.P., D.P.H.. M.D., and Tracy Jackson 


(Lonp.), Physician to the Middlesex Hos- Putnam, M.D. Pp. 289; 96 ills. Philadel- 
pital, ete., and E. C. Dopps, M.V.O., phia: Blakiston, 1947. Price, $6.00. 
M.D., F.R.C.P., F.R.1.C., F.R.S. 


Tue three authors contribute clinical, ana- 


Prof. of Biochemistry, Univ. of London, tomical and physiological sections. It has the 
ete. 12th ed. Pp. 422, 42 ills. Philadel- advantage of some of the beautiful illustrations 
phia: Blakiston, 1947. Price. $6.00 taken from Dr. Mettler’s larger N euroanatom y. 
The plan of the book is a succinct review of 

THE subject matter is fairly complete and applied anatomy and physiology and the briefest 
presented clearly and concisely. Adequate discussion of clinical disorders. It should serve 
emphasis is placed on physiological and _ bio- as an admirable introduction to students and 
logical principles, but theoretical discussion is as a review for more experienced practitioners. 
largely avoided. This book is recommended for One might suggest that a somewhat clearer 
those practitioners who have not had oppor- distinction be made between the physiology 
tunity for recent post-graduate study. A good that has been worked out upon animals and 
bibliography is given at the end of each chapter that upon man. The book should serve as an 

c admirable outline for teaching. G. G. 
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